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Abstract 

In the first year of the study, the response of wheat 
plants to genotype interaction was studied on monocultures 
and mixtures of seven wheat genotypes, at seven different 
interplant spacings. The genotypes differed significantly in 
their response to genotype interaction. 

In the second year, mixtures and monocultures of five 
genotypes were grown at two different interplant spacings. 
The mean variation of the number of tillers, plant weight 
and yield of the genotypes grown in mixtures at the closer 
Spacing, and of kernel weight at the wider spacing, differed 
Significantly from the mean variation in monoculture. For 
the plants grown in mixtures, an increase in Spacing was 
accompanied by an increase in the plant to plant variation 
of the number of tillers, the number of heads, plant weight, 
yield, kernels per plant, kernel weight and harvest index. 
Similar effects were observed for plants grown in 
monocultures. 

With the ecxeption of height of the flag leaf, plant 
height and harvest index, the effect of genotype interaction 
on plant characters differed significantly among genotypes. 
Correlations between pairs of characters, measured on 
genotypes and their associates, revealed that the characters 
which affect (or respond to) genotype interaction are not 
the same at different spacings and in different genotypes. 

In the third year, the effect of initial seed size on 


plant interactions in five monocultures was examined. Number 


av 





of tillers, number of heads, and kernel neeant were affected 
by initial seed size in plots from uniform seed. Plants from 
large seeds produced more tillers than did plants from small 
seeds, but plants from small seed produced larger kernels 
than did plants from large seeds. In plots from mixed seed 
Sizes, however, neighbor interaction caused plants from 
small seeds to produce shorter plants, bearing lighter 
seeds, than did plants from large seed. 

The data demonstrated that the distribution of many 
characters, in monoculture as well as in mixture, is not 
normal. It was shown that, if one selects the highest values 
for a character, characters which have a negatively skewed 
distribution are selected with less error than are 
Ghalac recom Onawhnichmathe distrabution) is) normal’ or 
positively skewed. 

Yield trials of mixtures and monocultures were repeated 
for three years. Only in 1977 did the mixtures yield 
Significantly more than the mean of the monocultures of the 
components. Interactions between the genotypes differed from 
YY oc OMY Cai. 

It was concluded, that the efficiency of selection of 
Single plants from a segregating population is affected by 
variation due to different initial seed sizes, variation due 
to interaction between plants from different size seeds, and 
variation due to interaction between different genotypes, as 
well as by the frequency distribution of the observed 


characters. 





It was recommended that, in order to Beeiete the 
Suitability of a character for selection in early 
generations, the distribution of this character ina 
multi-component mixture, as well as its Sensitivity to 
genotype interaction, should be evaluated in conjunction 


with the estimation of its heritability. 


vi 
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Teeintroduction 

In the history of wheat cultivation, the use of 
homogeneous cultivars is relatively new. Cultivated wheat 
populations used to be, and in some countries still are, 
composed of a large number of genotypes. For centuries, 
selection was practised by farmers for the plant types best 
Suited for their needs. This resulted in plant types with 
large free threshing seeds, and increased yields, with 
better flour quality and with adaptation to a wide range of 
climatic conditions (Feldman, 1974). Although the principles 
of selection have been practiced in a more methodical way 
since the second half of the 18th century (Darwin, 1859), 
plant breeding has been recognised as a science only since 
Diem lasteparteor the |9thecenturys (Allard, 1960) - 

Almost all current selection methods for small cereals 
are based on line selection and its modifications (Sneep et 
al., 1979). These involve the selection of single plants or 
progeny rows in the early segregating generations. 

It is widely recognised that single plant selection for 
quantitative characters, such as seed yield, in the 
segregating generations of a breeding program, is largely 
ineffective. Several studies have attempted to associate 
various plant characters in the F2 or F3 generations, with 
the expression of characters in more advanced generations 
(McGinnis and Shebeski, 1968; Hamblin and Donald, 1974). 
Interaction between genotypes is considered to be an 


important cause of the phenotypic variation which hinders 
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Single plant selection (Kiesselbach, 1923; Christian and 
Gray, 1941). Yet, the effects of specific characters of one 
plant on the phenotype of its associates, and the 
implications of these effects for single plant selection, 
are unclear. 

The present study focuses on the interactions between 
genotypes of common spring wheat (Triticum aestivum L.). The 
Study was undertaken to determine the responsiveness of 
Specific plant characters to the presence of other 
genotypes, and to evaluate the factors associated with the 
ability to perform well in a mixture Situation. The results 
are discussed in relation to current plant breeding 


practices. 
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2. Literature Review 


2.1 Terminology 

Plant interactions have been studied by scientists from 
various branches of science, and each discipline has its own 
definitions and nomenclature. In 'The Oui gineotespecies | 
Darwin (1859) discussed the competition which takes place 
between individuals within both the plant and the animal 
kingdoms. He preferred to use the term 'struggle for 
existence’. The term 'competition' was used by Odum (1971), 
who stated that competition, in the broadest sense, refers 
to the interaction of two organisms striving for the same 
thing. Harper (1961) described the different approaches of 
agronomists, ecologists and geneticists to plant 
competition. From an agronomist's point of view, competition 
is 'the response of plants to density-induced shortages'. 
The ecologist considers competition as 'all those forces by 
which one organism succeeds at the expense of another', 
WaUlemonemgeneticistedeaiscewith the ‘effect of interaction 
operating between individuals of different genotypes within 
aepopulation’ . 

A frequently quoted definition of competition was given 
by Clements et al. (1929), and reads as follows: 
"Competition arises from the reaction of one plant upon the 
physical factors about it and the effect of the modified 


factors upon its competitors. In the exact sense, two plants 
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do not compete with each other as long as the water content, 
the nutrient material, the light and the heat are in cea 
of the needs of of both. When the immediate supply of a 
Single necessary factor falls below the combined demands of 
the plants competition begins.' 

Because the word competition is commonly associated 
with negative effects, its use has been avoided by several 
authors. Harper (1961) preferred the term 'interference', 
while Trenbath (1974, 1975) and Trenbath and Harper (1973) 
used the term 'neighbour effects'. Mather (1961) 
distinguished 'competition' from 'cooperation', and pointed 
out that individuals which are competing in one respect may 
be cooperating in another. 

Hall (1974) attributed the responses of plants to their 
neighbours to both competitive and non-competitive 
interference. Competitive interference, as defined by Hall, 
is the same as competition for essential growth factors, as 
defined by Clements et al. (1929). Non-competitive 
interference occurs when an individual responds to changes 
in itS environment, which are caused by other plants and 
which do not fall into the first category. AS an example of 
non-competitive interference, Hall named the positive effect 
which a legume can have on the growth of a non-legume. This 
happens when nitrogen, fixed by the legume, becomes 
available to the non-legume through mineralisation (Henzell 


andmeVvaliaS, 69/7): 





The word 'interference' implies a one-way process. The 
mutual influences of plants upon each other can therefore 
perhaps be best described by the word ‘interaction’. The 
effects of interaction between genotypes are measured as the 
phenotypic deviations of plants grown in mixed culture from 
those grown in pure culture, under otherwise similar growing 


Gonauo1ons. 


2.2 Mixtures vs. monocultures 

The literature on mixtures of crop cultivars goes back 
HimlCdSteaSmialsaSmeLicm asus pant sOtmthem|Sthicentury, «and 
the value and practicality of mixtures as a crop has been a 
much disputed issue. Von Rumker (1892) reviewed several of 
the older European studies and advocated the use of mixtures 
in an effort to increase the yield per unit area, especially 
where it concerned grains used for animal feed. 

Montgomery (1912) concluded that, on the average, both 
oats and winter wheat had higher grain yields when grown in 
cultivar mixtures than when grown alone. Unfortunately he 
examined only two cultivars of each species in this study. 
Similar observations were made on wheat by Engelke (1935), 
who also noted that total tiller density was always higher 
in mixtures than in monocultures. 

Data on a mixture diallel of four wheat cultivars 
(Nuding, 1936) were reanalysed by Simmonds (1962). He 


subsequently showed that the mean yield of the components in 





monoculture was negatively correlated with their performance 
in mixture. The yields of the six mixtures all exceeded the 
mean yield of their component monocultures, and the highest 
yields were obtained from mixtures of genotypes which were 
known to have a wide range of adaptation. 

In contrast to the above reports, Heuser (1938) 
concluded from the trials of five wheat cultivars and their 
binary mixtures, that monocultures yield at least as well 
as, and sometimes better than, mixtures do. 

Three genotypes of wheat, which were similar in 
morphological characters, development and yield, produced 
yields in mixture which were similar to their yield in 
monoculture (Frankel, 1939). The similarity of the genotypes 
in this study might explain the lack of effect from genotype 
interaction. 

A review of the more recent literature on the 
performance of mixtures of genotypes and mixtures of species 
was made by Trenbath (1974). The reviewed studies examined 
the biomass production of several forage, cereal and oil 
seed species. In 344 two-component mixtures, 60% of the 
mixtures - which is significantly (a@s0.01) more than half - 
yielded more than the mean of the component monocultures, 
while 24% yielded more than the higher yielding monoculture. 
This suggests that, on the average, biomass production per 
plant is better in mixtures than in monocultures. 

After evaluating a number of different types of rice 


(Opyza sp. L.) mixtures, mixing techniques and cultural 
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practices, Roy (1960) concluded that the chances for gaining 
or for losing yield potential through the formation of 
mixtures are about equal and that most advantages of 
mixtures are obtained when the soil conditions are PoOn.saAn 
advantage of mixtures over monocultures under extreme 
environmental conditions was also observed for barley 
(Hordeum vulgare L.) grain yield (Clay and Allard, 1969), in 
a study involving twentythree mixtures, evaluated over two 
years and five locations. 

The performance of a mixture of two wheat cultivars 
(Pitic 62 and Neepawa), sown at various seeding rates 
differed in the two years of the study (Baker, 1977). This 
was ascribed to the fact that Pitic 62 was better able to 
compensate for poor survival after early drought conditions, 
when grown in pure stand, than when grown in mixture. The 
reason for this different ability to recover was not 
discussed, however. Further study of this observation could 
clarify the process of interaction which takes place between 
these two wheat genotypes. 

Simmonds (1962) wrote an extenSive review on the 
Variation in crop plants, and indicated that mixtures, 
besides being often slightly Superior in yield, are usually 
also more reliable in their performance, especially under 
conditions of stress. 

It thus appears that in the majority of cases, stress 
conditions affect mixtures less than they do monocultures. 


With this in mind, it is interesting to note that in a study 





by Shorter and Frey (1979), which was conducted over two 
years and at two locations, the genotype x year, the 
genotype x location, and the genotype x year x location 
interactions were insignificant most of the time (12 out of 
16) for mixtures, and were always significant for 
monocultures. 

For lima beans (Phaseolus Junatus L.), it was observed 
that the stability of performance is related to the degree 
of genetic variation in the population. Allard (1961) 
Studied the performance of ten lima bean populations: three 
monocultures, three two-component mixtures, one 
three-component mixture and the advanced generations (F7 and 
F9) from crosses between these three genotypes. He found 
that, although the monocultures performed most often either 
very poorly or very well, the mixtures consistently 
performed at a mediocre level, while the bulk populations 
performed well most of the time. He concluded that the 
genetic diversity of the mixed and bulk populations 
apparently made them more stable. 

The yield of five two- and three-way mixtures of barley 
genotypes appeared to be more stable over years and 
locations than were the yields of the component genotypes 
grown in monoculture (Barly and Qualset, 1971). At the same 
time, a tendency was observed for the plant-to-plant 
variation within a genotype to be greater in mixtures than 
in monocultures. This is perhaps not Surprising, since the 


micro-environment within the crop stand also is more 





variable in a mixture of plant types than in a monoculture. 
The reviewed studies suggest that mixtures often 
perform in a more stable manner than do monocultures. In 
order to evaluate the relative performance of mixtures and 
monocultures, it is therefore advisable to repeat any study 
of competition effects for a number of years. Close 
observation of single plant characters under both mixture 
and monoculture conditions during these years could reveal 
the mechanism underlying the stability of mixtures, and 
could possibly explain why certain genotypes are better 


combiners in a mixture 


2.3 Types of interaction and interaction effects 
Interactions between plants occur in monoculture as 
well as in mixed populations. Since developmental patterns 
of genotypes within a species can differ considerably, 
interplant relations within a mixture of genotypes will 
differ from those in monoculture. Interaction between plants 
of two different species or two genotypes of the same 
species can be detrimental, neutral or beneficial to either 
or both associates. Depending on the degree of interaction 
and the proportion in which each component occurs in the 
mixture, the mixture yields can be less than, equal to, or 
more than what can be expected from the monocultures of each 


component. 





Since interactions vary with the growth stage of each 
of the plants involved, variation in the relationships 
between the individuals of a population can be brought about 
by varying the relative growth stages of the interacting 
plants. This can be achieved through variations in the time 
of emergence (Ross and Harper, 1972), variations in the 
seeding depth (Black, 1956), or variations in seed size of 
the population members (Montgomery, 1912; Kaufmann and 
McFadden, 1960). Interactions between components of a 
mixture can also be varied through variations in density 
Ceeragecealew o> see Chebib et ale 197 sveorevartzations #in 
the proportions of the mixture components (de Wit, 1960; 
Hie 4) 

The effect on mixture yield of varying proportions of 
mixture components at a constant overall density has been 
studied by de Wit (1960) and by Hill (1974). De Wit 
introduced the term ‘replacement series' for experiments, in 
which the performance of monocultures and mixtures 
containing a range of different proportions of two types of 
plants are assessed. 

In de Wit's experiments, population pressure was 
maintained at a constant level by using optimal seeding 
rates appropriate for each of the components. Thus, in an 
experiment involving various proportions of oats and peas, 
oats were given 31 cm?/kernel and peas were given 139 


em2, kerneiminudlimplots WderWity, 1961)% 
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De Wit's model assumes that the genotypes ina mixture 
exclude each other and crowd for the same 'space'. Space is 
assumed to be uniformly distributed and encompasses calla 
essential growth factors. De Wit considered it undesirable 
to define these factors, since: 'such a deScription is not 
necessary, always inaccurate and therefore inadvisable.' (de 
Wit, 1960). Hall (1974) explained, however, that 
BOeneVLICatlon Of a papticular lamiting factor could give 
valuable insight into the interaction process. 

A replacement diagram consists of curves which 
represent the meaSurements on yield or other characters for 
each mixture component, obtained from a series of mixtures 
of different proportions, as well as a curve representing 
the sum of the component yields (total mixture yield) for 
each mixture. These diagrams can take on any of the basic 
shapes given in the figures la to 1d, and can be explained 
as follows, using plot yield as an example: 

1. Interaction between genotypes has no effect on the yield 
of either one of the mixture components (Figure la). 

2. Interaction between genotypes decreases the yield of 
genotype A, while it increases the yield of B (Figure 
1b). The combined effects, however, cause no change in 
the total yield of the mixture. One can speak in this 
case of 'complementary competition’ (Shuts et al., 
1960.) 

3. Interaction between genotypes decreases the yields of 
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mixture yield intermediate between the yields of A and B 
grown in monoculture (section 'p') or in a total mixture 
yield which is less than the monoculture yield of the 
lower yielding genotype (section 'g'). In the latter 
case one can speak of 'underyielding' of the mixture 
(Trenbath, 91974); 

4, Interaction between genotypes increases the yields of 
both A and B (Figure 1d), resulting in a total mixture 
yield which is lower than the yield of the better 
monoculture, but higher than the yield of the poorer 
monoculture (section 'p'), or in the mixture yield being 
higher than the yield of the better monoculture (section 
'gq'). In the latter case one can speak of ‘overyielding' 
of the mixture (Trenbath, 1974). 

An understanding of the mechanisms leading to 
overyielding could be exploited to increase yield. In 
general, overyielding occurs in mixtures of species which 
exhibit marked differences in their pattern of growth. These 
differences provide the potential to utilise the available 
resources more efficiently (de Wit, 1961; Trenbath, 1974; 
Clark, 1980). In herbage plants, Hill (1974) demonstrated 
that a 50:50 mixture is not usually the optimal composition 
to maximise forage yield. This conclusion agrees with the 
diagram in Figure id, which shows that overyielding is more 
likely to occur in mixtures containing a higher proportion 


of the better yielding genotype. 





Differences between genotypes of cultivated cereals are 
probably more subtle than are those between the components 
of a mixture of Species, because plants of the same Species 
are more Similar in growth habit and nutrient requirements. 
Nevertheless, the presence of genetic differences implies 
the existence of differences in the various aspects of plant 
growth. Thus, the potential exists for complicated 
interplant relationships, which are different from those 
Occurs 1a hearmonoctuLcure. 

PecgreatanumberGoteifactors play arprole an’ plant 
interactions. There is therefore little hope that a 
generalised set of rules can be designed from which the 
outcome of plant interactions can be accurately predicted. 
Hill (1974) recognised this when he presented a theoretical. 
model for the prediction of the value of binary mixtures of 
herbage species. He emphasised that plant interaction is a 


dynamic phenomenon, and that relationships can be transient. 


2.4 Effects of plant interaction on plant growth 


2.4.1 Plasticity of plant characters 

The ability of plant parts and processes to respond to 
variations in the environment has been extensively discussed 
by Bradshaw (1964). He presented evidence that the 
plasticity of a certain character 


COMMS OCCU LCmCOtm tate character, 





b. 1S Specific in relation to particular environmental 
influences, 
CramenS aSDeC tl Comin ea1necii ony 
ad. is under genetic control, not necessarily related to 
heterozygosity, and 
e. can be radically altered by selection. 
His theories on the role of plasticity of plant characters 
in evolution and adaptation apply directly to the 
interpretation of interactions between plants of different 
genotype. Bradshaw proposed that the plasticity of a 
character is related to the duration of meristematic 
activity which pertains to its development. Stemlength, for 
example, is controlled by long periods of meristematic 
activity and will therefore be more susceptible to 
environmental influences than are characters which are 
formed rapidly, such as reproductive structures. However, 
within this framework, there exists great variation among 
Species as well as among genotypes within species. 

Bradshaw explained that as a result of natural 
selection, a character whose stability 1S important for 
Survival will likely show greater stability than will a 
character for which some plasticity is not a disadvantage. 
Harper (1961) pointed out that seed size is often 
surprisingly stable, thus ensuring an equal starting capital 
for each seedling. Significant variations in seed size due 
to interaction between genotypes, however, have been 


reported for wheat 
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(Christian and Gray, 1941; Chapman et al., 1969). 

For some characters, plasticity can play a ne ae 
in adaptation. Height of many species appears to be a very 
plastic character. Trenbath and Harper (1973) described the 
different abilities of several oat species (Avena sp. L.) to 
adapt to different competitive situations through changes in 
height. Avena sativa was found to be capable of a stem 
extension of 10 cm above its monoculture value when grown in 
association with the taller A. Judoviciana. This resulted, 
for A. sativa, in a 20% increase in kernel weight over its 
monoculture value. They discussed the biological 
significance of this 'extension response’ and concluded that 
such a mechanism must lead to a more even sharing of 
radiation. In natural communities this would conserve 
genotypes and thus diversity. 

In corn the rapid elongation rate of one plant has an 
accelerating effect on the elongation rate of its neighbours 
(Hozumi et al., 1955). This effect appeared to be transient, 
however, resulting in an oscillating pattern of elongation 
rate in each plant. 

Because environmental conditions in the field vary a 
great deal, stability of certain characters necessarily 
implies plasticity in others. Plant height, for example, is 
in a monoculture usually very uniform. Plasticity must 
therefore exist in some characters which determine plant 
height , such as elongation rate at various stages of 


development. Plasticity of the components of a certain 
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Gharectermcanerest te inweuther) stabitlatysor plasticity of 
the resultant character. Plant weight and grain yield of 
cereals are not considered as stable characters, nor are 
most of their components. However, harvest index, which is 
the ratio of grain yield and plant weight, is surprisingly 
stable over a range of environments (Donald and Hamblin, 
1976)" 

If the degree of plasticity of various characters is 
genotype specific, as suggested by Bradshaw, then this could 
have important implications for a genotypes ability to 
perform in a mixture. Sakai (1955) concluded from a study of 
twelve barley cultivars that this ‘competitive ability' was 
not associated with any of the characters he measured: plant 
height, maturity, seed size, habit of growth (erect vs. 
prostrate), heading habit (spring or winter) or grain yield. 
He concluded that competitive ability is a biological 
character in its own right and is under genetic control. 

This conclusion has been criticised by several authors 
(Donald, 1963; Harper, 1965). Harper (1965) pointed out the 
incompleteness of Sakai's list of characters and stressed 
the importance of further investigations involving 
characters such as depth and extent of the root system, leaf 
area and height of the flag leaf. Sakai's theory on 
competitive ability as a genetic character is in agreement, 
however, with Bradshaw's views (1964) on the genetic control 


Otmene plasticitysorseach, individual character® 





2.4.2 Competition for water and nutrients 

Suneson (1949) described experiments involving a3 
mixture of four similarly adapted barley cultivars. Over 
Sixteen years, two of the four components virtually 
disappeared from the population, even though one of them, 
Vaughn, had a significantly better yield potential and 
resistance to leaf diseases than any of the others when 
grown in pure stand. Atlas, the cultivar which eventually 
dominated the mixture, had the poorest leaf disease record 
and a mean yield below the median of the component 
Cultivars’ 

Subsequent attempts to analyse the relationships 
between Atlas and Vaughn revealed that competition for light 
was not a decisive factor (Edwards and Allard, 1963), but 
that competition was primarily for moisture and nutrients 
(Hartmann and Allard, 1964). Lee (1960) observed that the 
response to competition between the two cultivars appeared 
abruptly at the jointing stage, when Atlas developed a dense 
mass of crown roots. Since Vaughn did not develop as large a 
root mass, Lee suggested that Atlas would become more 
efficient in gathering nutrients and would have the 
advantage when both varieties have to draw from the same 
soil mass. 

Competition between roots usually starts long before 
the shoots are sufficiently developed to cause significant 
mMucual shading (Milthorpe, 1961). But, competition for 


nutrients often leads to competition for light, since an 





unevenly distributed nutrient supply will result ina 
Similar variation in shoot growth. The study of nutrient 
competition without consideration of competition for light 
is therefore possible only under conditions which 
artificially prevent intermingling of the leaves of 
neighbouring plants. 

Such studies have been performed by Donald (1958) ona 
mixture of grasses and by Aspinall and Milthorpe (1959) on 
barley and white persicaria (Polygonum lepathifolium L.) 
Both studies involved mixtures of species grown in pots. 

Aspinall (1960) concluded that root competition, 
presumably for nutrients, since water was supplied in 
adequate amounts, reduced growth of the less successful 
component more than did shoot competition. Donald emphasised 
the interaction which occurs between competition for light, 
competition for nutrients, and factors indirectly affected 
by the two. 

Both authors mentioned differences in embryo size and 
in the size of the root systems of species as the main 
causes of competitive interference in the early stages. 
These same factors should then play a role in pure stands if 
random variation occurs in initial seed size and rate of 


germination. 
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2.4.3 Competition for light 

For most crop species, photosynthetic rate in Bae 
individual! Weafieis saturated at 150,000'— 200,000 lux 
(Donald, 1961). This is well below the flux density 
experienced by the top layer of a canopy on a sunny day. In 
a closed crop stand a large part of the foliage is shaded 
and will receive light intensities which are below the level 
of light saturation, except perhaps during the midday hours 
on a very bright day. 

Horizontal as well as vertical distribution of the 
leaves and leaf angle will affect the amount of light which 
can be intercepted and utilised by a crop. Erect leaves will 
allow more light to penetrate into the canopy, enabelling a 
larger leaf area to take part in photosynthesis. 

Compet utzon Lomeli ghtiwathin ta canopy will inotroccur 
until the photosynthetically active radiation which reaches 
the surface of the leaf falls below the saturation level. 
With higher light intensities, competition will occur deeper 
inside the canopy. 

Donald (1967) described the ideal wheat plant for 
cultivation at high densities, such as are customary for 
most cereals, and suggested that it should have small erect 
leaves. This would maximise the area which is illuminated. 
Nichiporovich (1967) also discussed this subject and 
stressed that a different leaf angle will be optimal at 
different latitudes or climates? According to the latter, 


some cereals have an arrangement of leaves in which the top 
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leaves are approximately vertical, the middle leaves are 
inclined at intermediate angles and the lower leaves ave 
nearly horizontal. Nichiporovich considered this the ideal 
arrangement for plants to be grown at high densities. Ina 
mixture of genotypes, this type of plant would also be less 
susceptible to shading by taller plants, than would types 
with more horizontal leaves. 

Donald (1961) stated that competition for light takes 
place between leaves rather than between plants or species. 
This is well illustrated by the studies of Brougham (1958) 
on competition for light in a sward of white clover. It was 
shown that, following defoliation, mature petiole length of 
Successive leaves became longer, suggesting an attempt to 
reach daylight. through the increaSingly dense canopy. 

Because the growth patterns of genotypes differ from 
each other, the start of plant interactions and their 
effects on subsequent processes will be different in 
mixtures than in monocultures. Trenbath and Harper (1973) 
found that, under optimal moisture and nutrient conditions, 
reactions of Avena species to genotype interaction could be 
explained in terms of the shading experienced at different 
Stages of development. Early shading appeared to have a 
depressive effect on tiller number, while shading of the 
Magmlearmsduningegqrain era llingshadwamspronounced effect on 
seed weight. 

The effects of shading on wheat at different points in 


development were studied by Fischer (1975). He found that 





the period of rapid spike growth was the most sensitive to 
shading, resulting in fewer grains per spikelet and Ver 
tiller survival. 

A negative correlation between shoot elongation rate 
and shoot length tended to equalise the height of corn 
plants during the first few weeks of growth (Hozumi et al., 
1955). This effect caused temporary variations in the shoot 
elongation rate of individual plants. Later in the season, 
when competition became more severe, this correlation 
changed into a positive one, suggesting suppression of small 
plants by taller neighbors. 

Growth rate of the high yielding dwarf wheat cultivar 
Yecora was found to be sensitive to low shading intensities, 
of three to four weeks duration, at various times during the 
growing season (Fischer, 1975). Shading at any time reduced 
crop growth rate. The strongest reductions in yield, 
however, occurred when the plants were shaded during the 
month before anthesis. Although the shading treatments in 
these experiments involved complete plots, one can expect 
shading by taller neighbours to have similar effects. 

Yoda et al. (1957) found that the growth of rose mallow 
( Hibiscus moschentos L.) seedlings, during the latter part 
of the growing season, was more closely related to the 
relative size rather than to the absolute size of 
neighbouring plants. They discussed Hozumi's findings as 
well as their own, and concluded that the change from a 


negative to a positive correlation between plant size and 
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growth rate marked the point where the growth reductions due 
to reduced photosynthesis surpassed the etiolating effects 
of competition for light. The change from a negative toa 
positive correlation occurred earlier in dense plantings 
than at wider interplant spacings, supporting this theory. 

An increase in the mean plant height of a mixed wheat 
population was observed by Khalifa and Qualset (1975), who 
planted the progeny of a cross between short statured and 
Standard height wheats, without artificial selection, for 
Six generations. They found that the frequency of short 
Sstatured plants in the population decreased, suggesting that 
tall plants were more successful in setting seed, in spite 
of a Significant negative correlation between height and 
yueld 

In a Similar study Busch and Luizzi (1979) found no 
evidence of such a directional shift. They ascribed this 
lack of change to either a lesser genetic range in height in 
their material or to the lesser expression of height 
differences in the more limiting dryland environment of 


North Dakota, compared to that of California. 


2.4.4 Effects of seed size on plant interactions 

The place that an individual occupies within the 
hierarchy of a plant population seems to be largely 
determined in the very early stages of plant development 
(Harper, 1977). Seed size is one of the first factors 


affecting this early development, and it was shown by 
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Austenson and Walton (1970) that a two or three fold 


difference in weight can exist among kernels of wheat in the 


Same head. 


The effect of seed size on plant development has been 


quantitatively studied by various authors. Kiesselbach 


(1924) reviewed a number of investigations made on cereals 


around the turn of the century, and added to this many of 


his own findings. He concluded that: 


1. 


When small and large seeds of various cereal crops were 
space planted, small seeds developed into considerably 
smaller plants than did large seeds, giving 
correspondingly lower yields (on the average 19% less). 
This result was ascribed to the differences in energy 
reserves of the seeds, and hence, in initial seedling 
vigour. 

When equal numbers of small and large seeds were planted 
at a rate optimal for the large seeds, the reduction in 
yield of the plants from small seeds was less than the 
reduction at wide spacings, although the small seed 
plants still yielded on the average 11% less than did 
the plants from large seed. 

When equal weights of the two types of seed were 
planted, the plants from small seeds yielded on the 
average 3% less than did the plants from large seeds. 
The greater number of small seeds planted compensated 
almost completely for the smaller size. When equal 


weights of large seeds and unselected seeds were 
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planted, the plants from unselected seeds consistently 
yielded slightly more than the plants from large Res) 
Averaged over 131 test years, the advantage of unsorted 
seed over large seed was 2.1%. The author did not 
speculate on the cause of this more efficient 
performance of a mixture of seed sizes. 
Interaction between plants from different seed size within a 
genotype, and between genotypes differing in growth rate, 
was Studied by Christian and Gray (1941). In both late and 
early cultivars of wheat, seed size affected the number of 
tillers and the number of heads per plant. Differences 
between the genotypes in their performance in mixture 
affected the the number of heads per plant but not the 
number of tillers per plant. Thousand kernel weight of the 
early genotype was significantly reduced by competition from 
the late genotype, but the latter was not affected. 

A similar study was conducted by Kaufmann and McFadden 
(1960). They studied the competitive interactions between 
barley plants grown from large and Smalleseedsemand 
concluded that plants from small seed are more negatively 
affected by increased plant density than are plants from 
large seed. The main character responsible for the yield 
reduction in response to increased density was the number of 
heads per plant. They reported a ratio of yield from large 
and small plants of 1:0.78 at a 10 cm equidistant spacing 
andmamnatvosOnen. 0. 54gateag>becmeequidistant= spacings 


Comparisons of yield from plots seeded to equal numbers of 
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either uniformly large seeds or uniformly small seeds — 
revealed, as did the studies of Kiesselbach (1924) and 
Christian and Gray (1941), a higher yield for the large-seed 
jouiehe ts 

The effects of seed size on components of yield were 
studied in more detail by Austenson and Walton (1970). They 
foundethat »  wlehimeeacheot ithreescultivars of ‘wheat, ‘total 
yield, grain yield, straw yield, the number of heads per 
plant and number of seeds per plant were significantly 
correlated with initial seed weight. Variation in initial 
Seed ewerghtraccounted for) from 2.5 to 425% ofiithe variation 
in these characters at maturity. Thousand kernel weight and 
number of seeds per head appeared to be unrelated to initial 
seed size. 

Black (1958) demonstrated that, in two swards of 
subterranean clover, derived from equal numbers of seedlings 
but from different seed sizes, all plants in both swards 
eventually reached the same size. When large and small seeds 
were mixed, however, the plants from large seeds 
progressively suppressed the plants from small seeds and 
eventually made up 90% of the dry weight and leaf area of 
the sward. 

Black noted that the relative growth rate of both the 
swards from large seeds and small seeds declined once a 
critical leaf area was reached. The plants from large seed 
reached this point faster than did the plants from small 


seed. 
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Kaufmann and McFadden (1960) reported that the vigorous 
growth of barley plants from large seeds resulted in 25 
earlier development of second and subsequent eaves and of 
tillers than was the case for plants from small seed, but no 
difference was reported in the onset of flowering. 

The importance of seed size and seedling growth rate to 
interplant relationships was demonstrated by Aspinall and 
Milthorpe (1959) and Aspinall (1960), who studied the 
interaction between barley and white persicaria. They 
concluded that, although in pure culture white perSicaria 
has a faster relative growth rate than does barley, the 
latter has a larger embryo and initial seedling size, 
enabling it to establish a larger root system more rapidly 
and thus to gain an advantage when grown in a mixture. 
Restricted nutrient supply appeared to depress the growth of 
white perSicaria more than did shading by the barley plants. 

At the onset of flowering of the barley plants, when 
barley root growth and leaf expansion decrease, the 
persicaria plants immediately increased their growth rate, 
demonstrating the changes in interplant relations which can 
occur as plant development progresses. 

Litav and Isti (1974a,b) compared the growth of 
seedlings of large and small seeded spinach (Spinacia 
oleracea L.) strains. Both strains gave the same individual 
plant yield in pure culture. The authors concluded from 
their experiments, which were grown at two levels of 


fertility, that a larger embryonic capital is only an 
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advantage when nutrients are in short supply. An experiment 
involving two seed sizes and two fertility levels, showed 
that an increase in soil fertility enables seedlings derived 
from smaller seeds to maintain an advantage when seeded 
earlier than the larger seeds. 

A study of a more qualitative nature was made by 
McDaniel (1969), who investigated the relationship of seed 
weight, seedling vigour and mitochondrial metabolism in 
barley. He found that seedling fresh weight, seedling 
mitochondrial protein and mitochondrial biochemical activity 
were poSitively correlated with seed weight. Although the 
number of mitochondria per unit fresh weight was the same 
for all classes of seed size, relatively more mitochondrial 
protein was present in seedlings from large seeds, resulting 
in a higher reSpiratory activity. The greater energy 
production in seedlings from large seeds thus allows a 
higher growth rate of these seedlings than of the seedlings 
from smaller seeds of the same genotype (McDaniel, 1969). 

Seed size, thus, affects early growth rate of seedlings 
and is therefore an important factor in determining the 
competitive advantage or disadvantage of a plant at the time 


that a shortage of growth factors occurs. 


2.4.5 Effects of density on plant interactions 
Interaction between plants will start earlier in dense 
stands than in more widely spaced plantings. However, there 


is no direct effect of plant density upon plant growth. All 
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responses to density are indirectly measured as responses to 
limits on growth factors. Using wheat plants, grown at four 
different densities, Clements et al. (1929) observed that 
the effects of density resembled the effects of a water 
Shortage. Pot cultures with different levels of soil 
moisture, fertiliser and light intensity, confirmed their 
theories and they concluded that, under their growing 
conditions, with increasing density, competition for water 
is most severe, with competition for nutrients and for light 
playing important, but secondary, roles. 

Harper and Clatworthy (1963) studied changes in light 
absorption in swards of Trifolium repens L. and T. 
fragiferum L. grown at two densities. For both Species, 
initial differences between the two densities in light 
extinction and leaf area had almost disappeared after 
fifteen weeks of growth. Apparently light was the limiting 
factor at both densities and an LAI of about five for T. 
repens and of six for T. fragiferum was the maximum that 
could be maintained, under the provided light regime. 

Increasing population density, therefore, may be 
regarded as an increase in competition for light, nutrients 
and water among associated genotypes. Donald (1958) 
emphasised that, even if competition occurs for only a 
Single factor, there will be interaction between direct and 
indirect effects. Competition for nutrients, for example, 
may affect shoot growth, and this may modify competition for 


Diqghtrs 
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Harper (1961) distinguished two ways in which plants 
may react to density. Firstly, an increased density nee 
result in a reduced chance for survival. He described the 
results of studies concerning several species of Papaver. It 
appeared that most of these species regulate their numbers 
in response to increases in density of their own kind, 
independent of the density of other species. This forms an 
important mechanism in nature, which prevents elimination 
through crowding by neighbouring species. 

Secondly, there may be a plastic reaction to density 
during the development of a plant. This response was 
illustrated by Harper with the following example, describing 
the growth of Agrostemma githago L. under various conditions 
of density and in different mixture situations. When grown 
in pure stand, the number of plants per unit area, which 
were produced from different amounts of seed, was fairly 
constant. All plants bore an approximately equal number of 
capsules and gave equal seed yields. In association with 
different species, however, the surviving plants bore an 
equal number of capsules but gave a different seed yield. 
Unmixed, the Agrostemma plants in the study gave about 
30,000 seeds/sq.yd. In association with wheat, the same the 
number of plants produced about 12,000 seeds/sq.yd., and in 
association with sugar beets, about 22,000 seeds/sq.yd. 

This type of response, when it occurs in a mixture of 
genotypes such as encountered in the early generations of a 


breeding program, could have important effects on the 
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outcome of selection. The occurrence of such interactions is 
suggested by observations made by Phung and Rathjen (1976, 
1977 pewhosreported thategqrainsyield of wheat plants was 
affected by the frequency of plants of the same genotype, 
amidst a population of plants of a different genotype. 

Genotypes in segregating populations of corn responded 
to changes in density with changes in seed yield (CIMMYT, 
1972). They noted that density affected the selection of 
corn, and that different genotypes were selected at 
different plant densities. 

A study of the effects of variation in spacing, seed 
Size and genotype on plant-to-plant variation of wheat, 
showed that increased interplant spacing was by far the most 
effective in increasing plant-to-plant variation for 
characters, such as plant dry weight and yield components 
(Chebib et al., 1973). However, interaction between 
genotypes and variation in seed size also consistently, but 
insignificantly, increased variation among plants. 

Contraryeto theviindings of @Chebibpetval., Kéelker and 
Briggs (1978) observed a decrease in variance with increased 
Spacing for several plant characters measured on seven 
cultivars of wheat. They concluded that the tendency for 
variance to respond to changes in spacing is cultivar 
Spec tmaicwmanGmuldwelCteal ma plantecharacteuserespondsto the 
Same degree. 

Hozumi et al. (1955) used uniform seed of yellow dent 


corn to observe the growth of individual seedlings and their 
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response to neighbouring plants. The seeds were grown in 
boxes outdoors. They found that large plants in a row panded 
to suppress their neighbours, and vise versa, resulting in 
an alternation of large and small plants. This was clearly 
shown by auto-correlations of plant weights within a row. 
Correlations with first, third and fifth neighbours were 
negative, while correlations with second and fourth 
neighbours were positive. Plant weight in their study was 
estimated from stem diameter and plant height. The 
importance of plant shape to plant interactions was clearly 
illustrated by the observation that correlation coefficients 
of actual plant weight showed a similar pattern, but were 
much smaller. At wider spacing, the neighbour effects 
appeared to be restricted to first and second neighbours 
oniyedvodaset o@l.;, 1957). 

In an earlier paper by Kira et al. (1953), the authors 
found quite different results for the growth of soybean 
plants. In this study, an hexagonal planting arrangement was 
used, with equal distances between all plants. The 
correlation between the weight of an individual and the mean 
weight of the six nearest neighbours appeared to be positive 
rather than negative. The authors did not speculate on the 
reason for the observed behaviour. It can be noted, though, 
that while the corn experiment was performed in boxes, the 
soybean experiment was grown in the field where soil 
heterogeneity might have played a larger role. This would 


tend to create a positive correlation between neighbours 
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which were similarly affected by varying soil conditions. It 
is also possible that the different planting arrangement was 
responsible for the different results, because in rows, the 
effects of one plant are exerted onto two neighbours, while 
Six neighbours are involved in the interactions between 
plants grown in hexagons. One can expect a proportional 
dilution of neighbour effects in this case, decreasing the 
strength of neighbour correlations. 

Thus, because changes in plant density tend to change 
the time at which neighbour interactions start, one can 
expect neighbour interactions which are density specific. In 
a mixture of genotypes or species, the density of plants 
from the same genotype, as well as the density of plants 
from different genotypes may affect plant growth 


independently. 


2.4.6 Changes in the distribution of characters during 
growth 

The shape of the frequency distributions of various 
characters, assessed at different times during the growing 
season, is illustrative of the dynamic nature of the 
population. Mean and variance give only a partial 
description of the distribution curve. A more precise 
picture is obtained when skewness and kurtosis are included. 

Skewness is a measure of asymmetry of the curve. A 
positively skewed distribution has a mean to the left of the 


median, and a 'heavy' positive tail (L-shaped). A negatively 
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Skewed distribution has approximately a J-shaped form (Sokal 
and Rolf, 1969 ). 

Kurtosis further specifies the shape of the curve. 
Generally, when no skewness is present, a positive kurtosis 
means that the character has more values around the mean and 
in the tails and less in the intermediate regions, than does 
a character with a normal distribution does. The curve is 
thus sharply peaked with flat long tails. A negative 
kurtosis, in the absence of skewness, indicates more values 
in the intermediate regions (Sokal and Rolf, 1969 ). 
However, many different shapes of curves may have similar 
values of kurtosis, and this parameter is not necessarily a 
measure of peakedness of the curve (Kendall and Stuart, 
1977). Strongly skewed distributions tend to have a positive 
kurtosis, due to the heavy tail on one side of the curve. 

Koyama and Kira (1956) pointed out that the frequency 
distribution of plant weight of many species was normal 
shortly after emergence, but became more positively skewed 
(L-shaped) with time. This effect was stronger at higher 
plant densities. On the other hand, plant height most often 
developed a distribution which was negatively skewed 
(J-shaped). The authors observed that higher mortality 
occurred in those stands which developed a skewed weight 
distribution during early growth, while in populations which 
kept a normal distribution, mortality was low. The two 
species for which height distributions were reported, corn 


and ragweed, both have a determinate growth habit. In these 
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plants, genetic factors impose an upper limit to plant 
height, while no lower limit is present. This could explain 
the J-shape of the distribution of height. No mention was 
made of a possible different shaped distribution for plants 
of an indeterminate growth habit. 

Non-normal distributions were also observed on 
characters of barley, grown in simulated segregating rows at 
Beaverlodge, Alberta (H. A. Kelker, unpublished). The 
measured characters (the number of tillers, height, kernels 
per head and others) were those which are normally used as 
criteria for plant selection in a breeding program, and 
non-normality of their distribution could affect the 


accuracy with which superior genotypes are selected. 


2.4.7 Effects of genotype interaction on grain filling and 
maturity 

Although plant interactions can evoke responses in a 
great number of plant characters, the plant breeder is, 
ultimately, only interested in the final effect of these 
interactions on grain yield, and in many regions, on 
MaeUuGL ey. 

Final crop yield of a high yielding dwarf wheat 
cultivar, Yecora, appeared to be well buffered against small 
reductions in crop photosynthesis at various times during 
the growing season (Fischer, 1975). Crop growth rate, on the 
other hand, responded to shading at any time. There are 


various phenomena which can explain the stability of crop 
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yield. For example, Fischer (1975) also observed that this 
cultivar adapts to variations in light intensity or plant 
Spacing with variations in tiller survival. In this case 
morphological plasticity of single plants is related to 
Stabubievilonecrophyielday 

Another mechanism aiding the stability of crop yield 
was described by Evans and Wardlaw (1976). They reported 
that, of the dry matter which accumulates in grain on 
unstressed plants, 90 to 95% comes from photosynthates 
produced after anthesis. The remaining quantity comes from 
reserves stored in vegetative plant parts. Plants under 
stress from shading or defoliation, however, will draw upon 
reserves to a much greater extent. 

Alenoughmactualmqnraingtiniingedoesmsnot start until 
several days after anthesis, shading immediately after 
anthesis had a significant effect on kernel weight of wheat 
(Ford and Thorne, 1975). Shading during this period affected 
the subsequent capacity of grains to accumulate 
carbohydrates, possibly through limiting the number of 
endosperm cells, or through a mechanism which limits the 
amount of carbohydrates that can be translocated. Shading 
during this period, however, did not affect the amount of 
nitrogen in the mature grains, thus resulting in grains with 
a relatively higher grain protein percentage (Jenner, 1979). 

The negative correlation which exists between the 
number of kernels per plant and kernel weight (Fisher, 1975; 


Jenner, 1979), once more illustrates the mechanism through 
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which yield can be buffered against variations in individual 
yield components. Variations in the number of LuSieraVSVel jee 
head were brought about by various degrees of shading in the 
period just prior to anthesis (Fischer, 1975). Adjustments 
in subsequent kernel size, however, could not completely 
compensate for the reduced number of kernels, and reductions 
in yield were observed as a result from pre-anthesis 
shading. 

Effects of plant interaction on maturity have generally 
been overlooked in studies on mixtures of genotypes, 
possibly because visual assessment of maturity of single 
plants is generally inaccurate. More reliable measurements 
can be obtained from the moisture content of the grain as an 
Midmnect andication of maturity »ealthoughSthis istarvery 
time consuming technique (Somerville, 1977). 

One could, however, anticipate that genotype 
interactions may affect maturity of mixture components. For 
example, variations in the onset of flowering, related to 
varying levels of nutrients in the leaves, have been 
reported for several plant species (Aitken, 1974). Such a 
Situation could arise from the unequal sharing of available 
nutrients by the components of a mixture. Variation in the 
onset of flowering may affect the timing of subsequent 
developmental stages. Somerville (1977) reported a high 
correlation between date of flowering and maturity for both 


wheat and barley. 
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2.5 Effects of interaction between genotypes on single plant 
selection 

The need for early identification of genotypes which 
have good agronomic qualities and high yield was clearly 
demonstrated by Shebeski (1967). He showed with a 
theoretical example, that with advancing generations, the 
proportion of plants which can be expected to possess the 
best combination of genetic characters decreases very 
rapidly. Thus, selection should ideally take place in the F2 
generation. 

It 1S possible to select for a number of simply 
inherited traits, such as disease reaction or height, at an 
early stage of a breeding program (Sneep et al.,1979). 
However, characters which are influenced by many different 
internal as well as external factors, such as yield, cannot 
be correctly assessed on a single plant basis. McGinnis and 
Shebeski (1968) illustrated the ineffectiveness of visual 
selection for yield in an F2 generation of wheat. They 
compared the results of visual selection of single plants by 
three plant breeders, with the results of random selection. 
They found that there was no significant difference between 
the mean yield of the F3-progeny plots derived from randomly 
selected lines and derived from lines selected by plant 
breeders. 

Because visual selection of single plants for yield per 
se is ineffective, several studies have dealt with the 


question whether selection for other characters would be 
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effective in increasing yield. 

Rasmusson and Cannell (1970) found selection for the 
number of heads in two populations of barley ne ye as 
ineffective as selection for yield itself. Yield was reduced 
when selection was practiced for high number of kernels per 
head. Selection for high kernel weight was effective in 
increasing yield in one of the populations. 

An increase in grain yield, associated with mass 
selection for large kernel size in wheat, was found by 
Derera and Bhatt (1972). This increase appeared not to be 
correlated in any way with quality characters, such as test 
Werghiiymmuldingeextract, swheat proteineer lLour protein and 
kempnel hardness (Bhatt and Derera, 1973): Robbelen (1979), 
however, explained that in the past, increased grain yields 
of many crops have led to a relative reduction in seed 
protein, which, in cereals, iS mainly due to the increase of 
the endosperm relative to the embryo. 

Morphologic and agronomic characters of 22 cultivars of 
wheat were studied by Nass (1973). He found that the yield 
per ear, the number of heads per plant, harvest index, and 
kernels per head were all positively associated with plot 
yield. Yield per head and heads per plot had the strongest 
associations, but because the yield per head and heads per 
plant are negatively correlated with each other, it would be 
difficult to select for both traits at the same time. Nass 
suggested that selection for moderate expression of these 


two characters could lead to increased yield. 
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Hamblin and Donald (1974) found no consistent 
correlations between yield per head and ears per plant in 
the F3 and the F5 generations of a barley cross. But they 
did find that tall F3 plants with long leaves tended to give 
low yields in the F5 generation. They suggested that the 
greater amount of interaction between genotypes which occurs 
in the F3 generation caused suppression of the higher 
yielding types, resulting in the observed negative 
Cornelbation: 

It was concluded from studies on barley that 
interactions between genotypes caused significant shifts in 
the expression of plant yield, heads per unit area, and the 
number of kernels per head, causing genotypes with a high 
yield potential to yield poorly (Wiebe et al., 1961). If 
yield in monoculture is the criterion for selection, the 
poorest rather than the best plants should thus be selected 
from the early generations. 

In the past, yield improvements have been paralleled by 
a steady increase in harvest index, a character which 
appears to be relatively insensitive to variations in 
environmental conditions (Donald and Hamblin, 1976). 
However, this was an unplanned side effect, since no 
selection for harvest index was practiced. The question can 
be asked whether the effects would be reversible: would 
selection for high harvest index be accompanied by an 
increase in yield? From studies with F3 and F5 generation 


plants of barley, it was concluded that harvest index is not 
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predictive for yield from one environment (F3) to another 
(F5) (Hamblin and Donald, 1974). However, comparison of 
Single plants of wheat, grown in pots in the greenhouse and 
in plots in the field, showed that single plant harvest 
index 1S a good predictor of crop yield in the field (Syme, 
£972)" 

Selection for harvest index in the F2 generation of two 
wheat crosses doubled the grain yield per plant in the F3 
generation (Bhatt, 1977). In addition, the positive 
correlation of yield with harvest index was enhanced. While 
selection for low harvest index resulted ina 
correspondingly low harvest index in the F3 generation , 
selection for high harvest index resulted in a population 
segregating for high and medium harvest index, thus allowing 
further selection for this character. 

Although Donald and Hamblin (1976) reported that 
harvest index is relatively little affected by variations in 
density, resulting in a low genotype x density interaction, 
Nass (1980) found that indirect selection for grain yield 
through harvest index gave better results when practiced at 
commercial density than when practiced at low density. He 
ascribed this to the smaller plant-to-plant variation for 
harvest index which exists at high density. 

The value of selection for harvest index was studied by 
Rosielle and Frey (1975a,b), using 1200 F9-derived lines of 
Cals POCOVNEINmnI dl plops.erhey conciuded thateseléction for 


harvest index alone was 43% as effective as was selection 





for grain yield. If selection for height and maturity were 
combined with selection for harvest index, this percentage 
increased to 70%, indicating a good relationship between 
yield and harvest index within the limits of acceptable 
height and maturity, in homozygous lines. 

Harvest index of main shoots appeared to be an even 
better indicator of crop yield. (Fischer and Kertesz, 1976). 
Using 30 genotypes of bread wheat, correlation coefficients 
were computed between the yield of plots at commercial crop 
Spacing with harvest index of main shoots, harvest index of 
whole plants and grain yield of spaced plants, respectively. 
TheymobtainedivaluesmO.57) (signa, a =00.01), 0249" (sign., a 
=O. 0 eanded.208(n.s. respectively. 

Because interaction between genotypes evokes reactions 
which are specific to each mixture situation, it is not 
Surprising that Hamblin and Rosielle (1978) found great 
differences between genetic parameters of crosses when 
estimated in mixture and when estimated in monoculture. They 
demonstrated, using published data from different authors, 
that interaction between genotypes can increase or decrease 
the observed additive and dominance effects by a 
considerable amount. They showed cases where these 
parameters, measured in a monoculture and measured in a 
mixture, differed by more than 100%. In some cases, the 
values were about equal in magnitude, but opposite in sign. 

In addition to an effect on the mean values of 


characters, positive and negative effects of plant 
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interaction on the variances were reported (Hamblin and 
Rosielle, 1978). As a result, estimates of heritabilty which 
are based on the estimation of variance components ina 
mixture of genotypes, would be either under- or 
Over-eStimated. 'This may lead to excessive effort being put 
into crosses and parents where competitive effects have 
increased heritability estimates and to the rejection of 
crosses and parents where they have reduced heritability 
estimates.’ (Hamblin and Rosielle, 1978). The authors then 
suggested that, if early generation selection is to be 
effective, techniques should be developed which accurately 
assess the confounding effects of competition on the 
estimation of genetic parameters, and which could be used to 
correct these parameters for plant interaction effects. 

In order to be able to assess the confounding effects 
of interaction between genotypes on the expression of 
genetic characters, it 1s necessary to know which plant 
characters are affected by genotype interaction, how 
interaction affects these characters and which characters of 
neighbouring genotypes are associated with these effects. 
The present study was conducted in an attempt to contribute 
fundamental knowledge on these subjects, focusing on the 
implications of genotype interaction for breeding of spring 


wheat. 





3. Short Description of the Experiments 

The experiments for this study were conducted during 
the growing seasons of 1977, 1978, and 1979, and were 
designed to investigate different aspects of the interaction 
between wheat genotypes. 

During the first year of the study, eight genotypes and 
their binary mixtures were planted accurately at eight 
different interplant spacings. Morphologic characters were 
measured on single plants at maturity. It was hoped to learn 
from this test how the effects of competition were expressed 
at various Spacings in each of the studied genotypes. 

For the second year of the study, five of these 
genotypes were grown at three different Spacings in 
monocultures and binary mixtures, and a detailed study was 
made of the relationships between plant characters of 
competing genotypes. Effects of interaction on mean plant 
performance as well as on plant to plant variation were 
determined. 

During the last year of the study, the role of seed 
Size and subsequent plant development on the development of 
adjacent plants in a row was investigated. This experiment 
involved only monocultures of the five genotypes used in the 
second year. 

In addition to the single plant experiments, replicated 
yield trials, containing eight genotypes in monoculture and 
all possible binary mixtures, were grown in each of the 


three years. These tests were conducted to illustrate how 
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each of the genotypes affected mixture yields, and how the 


performance of mixtures varied over the three years. 
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4. Materials and Methods - General Information 
The specific procedures followed for each of che 4 
experiments in this study are discussed in the sections 
Preceding the presentation of the results for each test. 
General information pertinent to all the experiments is 


given in the following sections. 


4.1 Characteristics of test sites 

Experiments were conducted at the Edmonton Research 
Station in 1977 and in 1979, and at the Ellerslie Research 
Station in 1978. Both stations are operated by the 
University of Alberta, Edmonton, Alberta, Canada. 

The sites are located about 10 km apart, at a latitude 
of 53° 24' N and at an altitude of 694 m above sea level. 
Appendix 1 shows the mean monthly temperatures and 
precipitation during the three growing seasons in which the 
experiments were conducted. 

Both sites are located in the thin black soil zone and 
the soil is classified as silty clay loam. 

Fertilizer was applied in each spring prior to seeding, 
at rates recommended for wheat, based on soil analyses 
conducted by the Soil and Feed Testing Laboratory of Alberta 
Agmicusture: (Appendix) 2)% Duringr the tadieorei977 and 1978, 
Avadex was applied to the test sites for control of wild 
oats. In 1977 and 1978, herbicides were applied during the 


early stages of growth, for control of the common broadleaf 
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weeds, stinkweed, green smartweed, pigweed and hempnettle 
(Appendix 2). In addition, all plots were hand weeded when 


necessary. 


4,2 Plant material used | 

Eight wheat genotypes were used in the test: Pitic 62, 
Glenlea, Park, Neepawa, 70M110001, 70M009002, Norquay and 
NB701. Park and Neepawa are Canada Western Red Spring 
wheats, while the other genotypes are Utility type wheats. 
The genotypes were chosen to represent a wide range of 
agronomic characters such as height, maturity, tiller number 
and seed size (Appendix 3). Seven of these genotypes had 
been previously studied, providing extra information on 
their performance at the Edmonton and Ellerslie test sites 
(Attinaw, 1977: Somerville, 1977). 

As a seed source for Pitic 62, Glenlea, Park, Neepawa 
and Norquay, foundation seed or registered seed was used. 
For the genotypes 70M110001, 7O0M009002 and NB701, clean, 
sound seed was obtained from yield trials conducted as part 
of The University of Alberta wheat breeding program. 

In each year, kernel weights and germination rate of 
all genotypes were determined on the seed lots to be planted 
(Appendix 4). Germination tests were conducted in petri 
dishes containing two rounds of filterpaper (Wattman, no. 
40) and 4 ml of distilled water. The dishes, containing 100 


seeds each, were placed in a Seedburo incubator, model 2100, 
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at 36°C, and germination was determined at 24, 48, 72 and 96 


hrs. 
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5. Interaction Between Genotypes at Different Interplant 


Spacings 


5.1 Materials and methods 


5.1.1 Field plot design 

During the first year of the study, monocultures and 
binary mixtures of the eight genotypes were tested over a 
wide range of spacings, to observe genotypic differences in 
response to variations in the environment. 

Each of these mixtures and monocultures was grown at 
eight different spacings, ranging from 7 to 60 cm between 
plants. To make the most efficient use of space, a 
"wheelplot' design was used, in which each wheelplot 
represented one mixture or monoculture grown at seven 
spacings. Seeds were placed on a grid made up of concentric 
circles and 'spokes', and seeds of the competing genotypes 
were alternated on the spokes and circles, such that each 
plant was surrounded by four plants of the associated 
genotype. In proceeding outward from the centre of the 
circle, the distance between plants increased as the spokes 
diverged, and the distance between concentric circles 
increased. 

Plant density was calculated as the average of the 
distance from one plant to its four immediate neighbours, 


which were situated on either the same spoke or on the same 
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Gireles  Thesresustinguspacings were 47, 97 12). 15, °19, 24 iand 
31 cm between plants or 204, 124, 69, 44, 28, 17 and 10 
plants per m? respectively. Commercial seeding rates in the 
Edmonton area range from 56 to 101 kg/ha (Alberta Farm 
Guide, 1976), which converts to approximately 140-250 
seeds/m’,. 

Each plot had the shape of a three quarter circle with 
a radius of 2 m, containing twenty four spokes and nine 
concentric circles. The plants on the innermost and 
outermost circles, as well as on the first and the twenty 
fourth spoke, were discarded as guard plants. 

In addition to the seven spacings in the wheelplots, 
each genotype waS grown in a rectangular plot, containing 10 
plants each, planted at an equidistant spacing of 60 cm. At 


this spacing plant interactions were assumed to be absent. 


5.1.2 Seed preparation and data collection 

To reduce seeding time, all seeds were glued onto 
cotton string (10/6 S), made by Dominion Textile (Texmade), 
using LePage's Multi Use Bondfast. This method had 
previously been used in the field for several years with 
good success (Dr. V. Burrows, Chief, Cereal Section, 
Research Branch, Ottawa, Agriculture Canada, 1976; personal 
communication). To keep the 24 strings (spokes) of each plot 
separated, they were labelled and tied, in the order in 
which they had to appear in the field, onto a stake which at 


seeding time could be placed in the centre of the plot. A 
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strip of paper was subsequently placed on top of the strings 
and strings and paper together were rolled around a | 
cardboard tube. 

To facilitate placement of the strings in the field, a 
Square metal frame was constructed, containing a bar which 
could rotate around a central axis. Furrows were drawn with 
a metal shoe which slid along this bar. After placement of 
the strings, the furrows were closed and packed using a 
board. 

Before harvest, the location of each plant was recorded 
on plot maps and all plants were labelled. All plants which 
had all four neighbours present were harvested when 75% of 
the tillers appeared to be ripe. Measurements were taken on 
plant height, height of the flag leaf blade, the number of 
tillers, the number of fertile heads (heads with a minimum 
of five seeds), the number of kernels per plant, grain yield 
per plant, and above ground plant dry weight. From these 
measurements, the following characters were calculated: 
extrusion length (calculated as plant height - height of the 
flagleaf blade), the number of kernels per head, weight per 
1000 kernels, the yield per head and harvest index 
(calculated as plant grain yield/ plant dry weight). 

Because the present study approached the problem of 
genotype interaction as it is encountered by the plant 
breeder when he makes selections in the field, measurements 
of height and related characters were taken on two randomly 


chosen tillers of each plant. In this way it was hoped to 
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obtain a more realistic estimate of the variation which is 
observed in the field, than would be obtained from 


measurements on the main stem only. 


5.2 Analysis of the data 

The wheelplots were arranged according to a randomised 
block design with two replications which each occupied two 
banks of plots. The 60 x 60 cm spaced plants were replicated 
four times and grown at the end of each bank. 

Because the spacing treatments were arranged 
Systematically within the wheelplots, the requirements of 
randomisation were not met. The spacing effects indicated by 
the analysis of variance are thus confounded with effects 
due to treatment arrangement. The results cannot be 
considered as more than an indication of possible effects of 
Spacing and will have to be further tested in subsequent 


experiments. 


5.3 Results 
Piticmozetavledatoioerminatemsufficouenthlyeandrall 
treatments involving this genotype were dropped from the 
1977 tests. Additional germination and or growth problems 
were encountered in the remaining plots, resulting ina very 
low number of usable plants overall. More than half of the 
plots (31 out of 56) had a survival rate of less than 75%. 


Recorded survival rate in some plots was as low as 43%, 





while a few plots (including all 60 x 60 cm spaced plants) 
were abandoned completely. | 

In search for an explanation for the poor germination, 
SOll tests were performed in the fall of 1977. The results 
indicated levels of available P ranging from 39 to 47 1b/2M 
on the east side of the field to 14 1lb/2M along the west 
Side of the field. Although no specific symptoms of 
P-deficiency were noted during the growing season, all but 
four of the sparsely populated plots were located in the 
western halves of the banks, Suggesting a direct or indirect 
relationship between the phosphorus content of the soil and 
Survival rate. 

Seeding was interrupted by two days of heavy rain, 
causing some of the seeds to become uncovered, which 
probably added to the low germination rates in some plots. 

In an effort to get as much information from the data 
aS possible, the test was treated as a completely randomised 
design. Plants from both replicates were pooled, and only 
those treatments were included for which data had been 
recorded on a minimum of five plants. For none of the 
genotypes were data available from all possible genotype 
combinations (Appendix 5). Means and variances of the 
characters measured at each treatment illustrate the 
observed range of performance (Appendix 6). Since data about 
monoculture performance were obtained for only four 
genotypes (Glenlea, Park, 70M110001 and Norquay), tests for 


the effects due to genotype interaction had to be limited to 
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these four genotypes. 

Spacing effects and genotype effects were significant 
(as0.01) for all characters (Table 1). Mixing Shem Ream sls 
affected height of the flag leaf, plant height, 1000 kernel 
weight and harvest index. However, interactions between 
effects of genotype interaction and spacing were significant 
for plant weight, yield and the number of kernels per plant, 
indicating that neighbouring plants affected these 
characters at some of the spacings tested. Interactions 
between the effects of genotype interaction and genotype 
were Significant for all characters except the number of 
heads, the number of tillers, and kernels per plant, 
Suggesting that the genotypes differed in their response to 
genotype interaction. Three way interactions were 
Significant for the number of heads, the number of tillers, 
weight, yield, and the number of kernels per plant. 

Comparison of mixture and monoculture performance of 
each of the four genotypes at each of the spacings tested, 
indicated the specific densities at which the various 
characters were affected (Table 2). While interaction - 
indicated by significant t-values - was evident for Glenlea 
at a density of 10 plants/m’?, Park was only affected at 124 
and 69 plants/m? and 70M110001 only at 124 plants/m’*. None 
of the genotypes showed significant effects of interaction 
at 44 and at 204 plants/m?. It is likely that at the highest 
plant density, the general effects of density on plant 


Growth were so strong that the more subtle effects of 
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interaction between different genotypes could not be 


distinguished with the experimental techniques used. 


5.4 Discussion 

Because the data used for the analysis of this test 
come from a small number of observations only, further 
experiments are necessary to verify the conclusions about 
the effects of plant interactions on the genotypes involved 
over the range of spacings tested. Nevertheless, a number of 
comments can be made regarding the observed effects. 

The fact that the genotypes differed in their response 
to genotype interaction, and that each did so at different 
Spacings, indicates that interpretation of mixing 
experiments performed with a limited number of genotypes and 
environments could lead to variable conclusions. 

It appeared that Glenlea, which is the tallest, latest 
and most vigorous of the four genotypes, was the only 
genotype to show effects of genotype interaction at a 
density as low as 10 plants/m’*. Possible methods of 
interaction are restricted to light interception by 
neighbouring plants, and interaction between root systems. 
Since shading by neighbours only occurred during part of 
each day, interaction between root systems is probably the 


most influencial factor at this interplant Spacing. 





6. Relationships between Plant Characters Measured on Mixed 


Genotypes 


6.1 Materials and methods 

Erie oO, wamtescawaseCONQucTed to investigate, in more 
detail than in 1977, the phenotypic responses of genotypes 
to genotype interaction at different spacings. To keep the 
experiment managable, the number of genotypes had to be 
restricted to five: Pitic 62, Glenlea, Park, 70M009002 and 
Norquay. They were chosen, based on the 1977 yield trials, 
to represent a wide range of Average Mixture Efficiency (see 
SectiClmoe2ye Dede) and tol tnelrerecognisSabi Vity “ina 
mixture. They were grown in rows 30 cm apart, at plant 
Spacings within rows of 1, 3 and 9 cm. This resulted in 
densities of 333, 111 and 37 plants/m?. Seeds were glued 
onto strings as described in Section 5.1.2, and placed in 
furrows which were drawn with a pointed stick along a board. 

A split plot design was used with three replicates. The 
main plot treatments were mixtures and monocultures, and the 
subplot treatments were spacings. The mainplots, which were 
6 m long, were divided into three subplots of equal length. 
Each plot consisted of three rows of which only the middle 
one was sampled. Three plants at each end of each subplot 
were discarded as guards. 

From both the 3 cm spacing and the 9 cm Spacing, a 


random sample of six plants per genotype was taken at 
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maturity, using only plants which had both neighbour plants 
present. Measurements were taken on the height of the the 
flag leaf blade, the extrusion length (height above the flag 
leaf blade), the head length, the yield per plant, the 
number of kernels per plant, the number of tillers per 
plant, the number of fertile heads per plant, and plant dry 
weight. From these measurements were computed the number of 
kernels per head, the yield per head, the 1000 kernel weight 
and the harvest index. As in 1977, measurements on height 
and related characters were taken on a random sample of two 
tillers per plant. 

It was the intention to examine the root distributions 
of the genotypes in mixture, and therefore the complete bulk 
yield test was replicated several times, so that enough 
extra plots were available for destructive soil core 
sampling. Unseasonably high soil moisture content, however, 
made it impossible to obtain good soil cores, and this 
objective was abandoned. Thus, extra plots were available, 
and tiller samples were taken from these at flowering and at 
the mid-dough stage. Measurements were taken on the flag 
leaf area, the height of the flag leaf blade, the tiller 
length, the extrusion length and the head length. Each 
Sample consisted of a 1m section of row, chosen at random 
from one of the middle rows of the plots. The samples taken 
dtmcenestwordevelopmentdlestages were not: replicated, so that 
differences between mixing treatments may be confounded with 


differences among plots. At each stage, sampling was 
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Completedsin one day ecco that differences among the 
Geno hype smw milesenleotmcenotyprcadiiferences in rate of 


development. 


6.2 Analysis of the data 

Because it was not possible to antennae separate the 
plants which were grown at the 1 cm one only data 
obtained from the 3 cm and the 9 cm spaced plants were 
included. The data were analysed to detect effects of 
genotype interaction on within genotype variation, as well 
aS on mean plant performance. 

Variance, skewness and kurtosis of the measured 
Characters were computed for each sample, as well as for the 
combined mixture data for each genotype. Because Significant 
deviations from normality occurred, Bartlett's test for 
homogeneity of variances could not be used, Since this test 
is extremely sensitive to non-normality (Scheffe, 1959). 
Scheffé described an approximate test for the comparison of 
variances, based on the natural logarithms of the sample 
variances. This analysis was used to test the effect of 
genotype, genotype interaction and spacing on the variances 
Ormauimcharacters., 

Overall differences in variation between plants grown 
in monoculture and plants grown in mixture, were determined 
by means of a variance ratio F-test, using the mean 


variances of all genotypes grown in mixture and grown in 
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monoculture. For these comparisons the natural logarithms of 
the data were used (Lewontin, 1966). 

Although the test was designed as a split plot, it was 
decided that an error term with more degrees of freedom was 
desirable, which would make it possible to detect smaller 
effects of genotype interaction than would be possible with 
a split plot analysis of variance. Therefore a randomised 
block analysis of variance was used to test the effects of 
genotype, spacing and genotype interaction. 

Mixture efficiency was expressed for components of 
yield and plant weight, using the technique described by de 


Wit (1960), as the ‘Relative Yield Total' (RYT): 


where YAB and YBA are, respectively, the mean plant yields, 
or values of the character concerned, of the genotypes A and 
B when grown in association with each other, and YAA and YBB 
are the monoculture yields of the two genotypes. The 
expressions YAB/YAA and YBA/YBB are called the ‘Relative 
Yield' (RY) of genotypes A and B, respectively, expressing 
the ratio of the yield of a genotype in mixture to its yield 
TmMNOnOGCULEUGe SPA Valueeote | wroretheeRY otmaymixture 
component indicates that the effects of interaction between 
genotypes are not different from those which plants of the 
Same genotype have on each other. A RY greater than 1 


suggests that the associated genotype makes demands on the 
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environment which are either different from, or less than, 
EOsewOL stneegencuy pes UndemalnvestigatlonmAaRY of ese than 
1 indicates that interaction between the genotypes 
negatively affects the growth of the genotype in question, 
compared to its growth in monoculture. 

A RYT of 1 would indicate effects of a compensating 
nature, or the absence of any effect on either of the 
components. A RYT greater than 1 suggests that the genotypes 
are, at least partially, occupying different niches, and 
thus are not sharing the same supply of resources. A value 
less than 1 indicates an antagonistic effect of one or both 
genotypes on their associate. 

Both RY and RYT values were computed for mixtures and 
their components. 

Since no simple test is available to determine whether 
RY or RYT values differ significantly from 1, they were 
evaluated with a t-test, comparing monoculture and mixture 
values. RY values were called significant if the difference 
between mixture and monoculture yield differed significantly 
from 0. Significance of the RYT values was determined using 
a t-test comparing expected yields as can be computed from 
monoculture values, with observed performance in mixture. 

Within each individual plant, many characters are 
correlated. When investigating the relationships between 
competing plants, these within plant correlations can play a 
confounding role. Unfortunately, the number of genotype 


combinations in the experiment yielded an insufficient 
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number of degrees of freedom to investigate partial 
correlation coefficients between all characters of 
associated genotypes. Only correlations between character 
pairs have therefore been investigated. For this, multiple 
regression analyses were used, using indicator variables to 


correct for replicate effects (Steel and Torrie, 1980). 


6.3 Results 

During the growing season, two large bare spots, in 
which no plants grew, occurred in the plot area. Soil tests, 
performed after harvest to determine levels of available 
soil nutrients, soil pH and physical soil characteristics, 
did not reveal any abnormalities which could be related to 
the bare spots. All monoculture plots of Pitic 62 happened 
to be planted in these areas, so that no comparisons could 
be made between the performance of this genotype in 
monoculture and in mixture. Additional mishaps at harvest 
time resulted in the loss of several more treatments. For 
each genotype, mean values of the meaSured characters, when 
Growiein monoculture and in mixture at 3 cm andgat 9 cm 
Spacings, are given in Appendix 7. 

Although one can expect genotype interactions to affect 
flowering time and subsequent maturity of the mixture 
components (Aitken, 1974; Somerville, 1977), measurements of 
maturity on single plants were not made, because the methods 


available for rapid screening of a large number of samples 
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are generally inaccurate (Somerville, 1977). Many more 
replications would have been needed than were available. 
Visual assessment of genotype maturity in mixture, however, 
did not indicate any effects of genotype interaction, and no 


data on this character have been reported. 


6.3.1 Effects of genotype interaction on plant-to-plant 
variation 

An analysis of variance using the natural logarithm of 
the sample variances, showed no effect of genotype 
interaction on plant-to-plant variation in any of the 
characters (Table 3). Significant differences between 
genotypes occurred for variances of all characters except 
the number of tillers, the number of heads, kernel weight 
and harvest index, and changes in spacing affected the 
number of tillers, the number of heads, plant weight, yield, 
kernels per plant and extrusion length. When, for each 
genotype, the results of all mixtures were combined, 
however, variation was, on the average, greater in mixture 
than in monoculture for the number of tillers, plant weight 
and yield at the 3 cm spacing, and for kernel weight at the 
9 cm spacing (Table 4). Harvest index, height of the flag 
leaf, extrusion length and height were less variable in 
mixture than in monoculture at the 3 cm spacing, while 
kernel weight, height, and extrusion length showed a lesser 
variability in mixture than in monoculture at the 9 cm 


spacing. 





65 





L8°0 L9°0 0L°0 £8°0 6S‘0 TEL 56°0 
ZZ°0 0v'°O OL‘O 8t°0 9¢°0 Z6'°T SLO 
10°0 Gla OLS z0°0 gto 6v'0 STE-0 
Lv'0 0c °0 02°0 70'Z ee 00°0 ee) 
Ep a0 Lv'0 £6'0 09°T ZL°0 £Z°0 COaO 
0°0 xbl°Z veo iO T0°0 £0°0 Gilat 
ES ue 60°0 04°0 Or'O Lv'0 Clac 0s‘0 
eHO Sexe P Las UeeS Lec  eKlisS | xnciSac OT°O 3¥xZ0°V 
H/K 1Xq TH 4H Td IH 1x9 


S 


ee 


sInoqystou yi0q pey yotyM ‘squeytd poqoatos ATwopuel wolf ote BIep OYL 


Aq poutwioqop se ‘szaqoereys quetd atsuts jo 


T 


*yqueT peoH = TH 


Opt 97°00 
8r°0O 02°0 
BOmO T0°O 
c6°0 sl°0 
¥Sb'v 60°0 
S8°0 xxl °89 
16°0 07° 0 
6y°T x¥6Z°Z 
aMy 1 


sLaqoeIeys FO sozenbs ueary 


"10°O > 0 SJUBOTFTUSTS x» 


“I OTqe] UT pouTzep suOTIeTASIQqe JeIDeIeYD “¢ 


{cp"0 > ) “4URots 1a ts eee 


*pasn o19M SODURTACA 9} FO WYATIeZOT [TeAInjeu ouy “T 


EEE ea 





v0 vr'o 8y°O Ls°0 TeNpTsor 
9¢°0 vc 0 a) 6S°0 S xXWx 9) 
y0°0 ORC 80°0 S6°0 S$ xVW 
LEO) 290 82 °0 L6°0 § x9 
cL"0 87°0 AO) 7z°0 Wx) 
**S6°99 — xx8T°L9 xx88°S 9 xxLE°TS {s)  sButseds 
7Z'0 Z0°0 £T*O £8°0 (Ww) BurxXTW 
~x8S'P Parson ae 7 olet 99°0 (9) sadfi10ua9 
XK aM H uy UOTIETICA 
JO 8dInNO0S 

*AJTaInqeu Ye pornsvow oom YOTYM pue ‘quasoaid 

°9/6[T UT SzOTd moI-LInoF UT UMOIS 919M SqueTd [TV 

po oue AeA JO stskjTeue 
QduRTIVA 94} UO ‘B8uTOeds JuUeTd1eQUT pue BuTxTM odAouss ‘adAjoues FO SIDEeFFA *E STGEL 





g as 
— > 
Pe en ee 
- "< a 
se ee ae 7 as A ee —~ _ —— ae ——— 7 x _— ee ee —= —o 
O 
~ "7 - » < 7 ey > Ss 7 4 
oe —— tg Nb - _ _— - ee ae ——j gy onl — — —< 2 = ——— at 
ae i q j a7 i = T 
LX AL ce i — om _ — ~ = — = - _ — mae _ ——$—_ SE a —" 
~~ ag ? aog)| rd e 7 * ¢ = rf wt 4 , ih ! ‘44 a - aoe | a 
« 
— 
D4 ps wr. i” ’ i fp ra 5. Lai > i 
— . i‘. © 4 | EG j ; 3 ae) | oeo>¢g 2 OPts «G e 


Fa > ae ios Lie : i : 22-1 ba yl © i h 6.4 mw ui = 


wo rod OF ui rz oe, Te cet f = : i cl Was ae 


a ——— a — ee = o~ ee ~ A aN an 





hb gone ecaqitee ae Yo eiPeeigeE Oe 
a < 
* 9 oeebiagie ** Fett * ee | aeAeee 


es) pad 4! whee? ol Sqn ae : ha ; 
i = os i , 


TableA.. The effectsof.genotype ind interplant spacing on the 
average variation among plants, of single plant characters, 
as determined by a variance ratio F-test’. | 
All plants were grown in four-row plots in 1978. The data 
are from randomly selected plants, which had both neighbours 


present. and which were harvested at maturity. 
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Fl 3 14.7 S205 the AE PRES 
Ht & 2a OSS 1,64* TRU 
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HL 3 a4 1529 1333 122 
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Coefficient 
nS eves ae NATH ELTON” P-values 
D SUE UE So er ara aces - 

Character (cm) Monoculture Mixture Pe 

T 2 550 ayo y/ £18 ESBS) 

H © 353.0 38.9 T205e fe eee ate 

Wt 9 sig”? 40.3 Pett |i Oe) 

Y 9 40.3 42.3 1.10 bes ke: 

K/P @ 40.4 41.6 1.06 17.29% 

Kwt 9 Shae 10%0 SOO re {526 

K/H 9 18.6 18.0 1,06 eee} 
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Character abbreviations defined in Table 1. HL = Head length. 
Averages of the coefficients of variation of four genotypes. 
Fy = se Ginx; eineauyae))| (Clee. monoculture), df(180,60) 


3 


Sean. Oecm, nonoculcurey sala 3 cm, monoculture), 
df(60,60). 
F-values given in italics are the reciprocal of the values 


defined in footnotes 4, 5 and 7. 
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Values of skewness and kurtosis averaged over the four 
genotypes grown in mononculture and in mixture, are given in 
Appendix 8. For some characters, in particular kernel weight 
and harvest index at the 3 cm spacing and number of heads 
and kernel weight at the 9 cm spacing, skewness was stronger 
in mixture than in monoculture. Other characters, such as 
kernels per head and height of the flag leaf at the 3 cm 
Spacing and height at the 9 cm spacing, showed a skewed 
distribution in monoculture and a near normal distribution 
in mixture. In most cases, the kurtosis was less in mixture 
than sinemonocuiture wanGacatingmthat. inimixture),emore 
values occurred in the intermediate regions, with a lower 
concentration of values around the mean and in the tails. An 
analysis of variance, performed on the values of skewness 
and kurtosis, did not detect any significant effects of 
genotype interaction. However, the values were based on 
samples of only six plants per replicate. An analysis based 
on larger numbers of plants would be necessary to draw more 
meaningful conclusions with respect to the effect of 


genotype interaction on skewness or kurtosis. 


6.3.2 Effects of genotype interaction on the expression of 
various plant characters 

Although it was demonstrated in the previous section 
that the distributions of most characters deviated 
significantly from normal, no suitable transformations were 


found to correct this. Analyses were thus performed on 
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untransformed data. 

AS expected, the genotypes differed significantly from 
each other for most characters (Table 5). Mixing of plants 
with individuals of a different genotype had a significant 
effect only on head length, on kernels per head and on yield 
per head. However, genotype x mixing interaction effects 
were Significant for all characters except height of the 
flag leaf, plant height, kernels per head and harvest index, 
suggesting differences between the genotypes in their 
reaction to genotype interaction. 

All characters except height and harvest index were 
anrecteamby sane ncneasesi mn spacing andureplicate effects 
were Significant for extrusion length, 1000 kernel weight 
and harvest index. Genotypes differed for most characters in 
their response to spacing, as indicated by the significant 
genotype x spacing interactions. Mixing x spacing 
interactions were only significant for weight and harvest 


mice x: 


6.3.3 Relative performance of genotypes in mixture 

To evaluate the effect of genotype interaction on each 
character in each genotype, RY values were calculated 
(Table 6), and the effects of genotype interaction were 
tested for significance with a t-test. It can be seen that 
Glenlea, in most cases, yielded better in mixture than in 
monoculture. This effect was associated with an increased 


number of heads, and to a lesser extent with an increased 
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kernel weight. At the 9 cm Spacing, harvest index of Glenlea 
in two mixtures was Significantly higher than in 
monoculture. 

With one exception, Park yielded less in mixture than 
in monoculture. Reduction in yield was associated with a 
lesser number of heads per plant, and in one mixture with 
fewer kernels per head. 

Data for 70M009002 were only obtained for two mixture 
combinations. Yield in combination with Glenlea was less 
than in monoculture at both spacings and was associated with 
a reduced number of kernels per head. The number of heads 
per plant did not show any change from the number in 
monoculture. Park did not significantly reduce the yield of 
70M009002. 

Data for Norquay in association with Pitic 62 were only 
available for the 9 cm spacing. Although yield was less than 
in monoculture, none of the RY values were significantly 
less than 1. At the 3 cm spacing, the performance of Norquay 
in the presence of Glenlea was poor, and the number of 
kernels per head and 1000 kernel weight were both 
Significantly (a<0.01) reduced. RY for the number of heads 
per plant was, in spite of its low value (0.72), not 
Significantly less than 1, due to the small number of 
observations for this treatment. Association with Park 
reduced the yield of Norquay at the 3 cm spacing and 
increased yield at the 9 cm spacing, but neither value (0.87 
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Overall, Glenlea tended to produce RY values greater 
than 1 for plant weight, yield and components of AEG 
while values less than 1 were more frequent among the other 
genotypes. This suggests that Glenlea plants grown in 
mixture were able to utilise a greater amount of resources 
than when grown in monoculture. The other genotypes, in 
particular Park, were more often negatively affected by 
associated genotypes. 

Relative yield totals, derived from the RY values, 
appeared to be close to 1 for most cases (Appendix 9). A 
Graphic representation of the performance of plants grown in 
monoculture and in mixture further illustrates the effects 
of mixture components on each other. Figures 2a through 2e 
illustrate the relationship between the yields of the 
genotypes grown in binary mixtures, and their yields in 
monoculture. In these graphs the monocultures and mixtures 
are seen aS a ‘replacement series' (de Wit, 1960), with the 
PuOpOGerOnSmOretiicmgehnorypesmin mixture being 12059 0.53055 
and 0:1, respectively. 

At the 9 cm spacing, the RYT of the mixtures 
Glenlea+Pitic 62 and Glenlea+Norquay was greater than 1, and 
in both cases, the mixture yield surpassed the yield of the 
better component grown in monoculture. 

At the 3 cm Spacing, none of the RYT values were 
greater than 1, Suggesting a detrimental effect of genotype 


interaction on plant yield at this spacing. 





YIELD ——> 


1%) 


B G 





Glenlea+ Park Glenlea + 70M009002 Glenlea + Norquay 


ELC 


2a-e. 


tS 0) 


Park + 7OMO09002 Park + Norquay 


Graphic illustration of the genotype interaction effects on 
genotype and mixture yield in five genotype mixtures, each 
grown at two different interplant spacings in 1978. 

Along the X-axis, the populations containing 100% of the 
first genotype, 50% of each genotype, and 100% of the second 


genotype, are marked with the letters A, B and C, respectively. 
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6.3.4 Relationships between characters of interacting 
genotypes 

One of the objectives of this study was to investigate 
the relationship between the measured values of characters 
on neighbouring genotypes. Correlations were therefore 
computed between the plant characters of each genotype in 
the test, and a number of characters of the associated 
genotypes (Table 7). 

For most genotypes, the characters which played a role 
in plant interaction at the 3 cm and at the 9 cm spacings 
were not the same. Only Pitic 62 showed negative 
relationships of several characters with height of its 
associates at both spacings. In addition, the neighbour 
characters by which a genotype was affected differed from 
FeEnOcy DemeOmIGnOuy pe. 

Most characters of Pitic 62 were negatively correlated 
with the height of its associates. Since Pitic 62 was the 
latest maturing genotype in the test, and could throughout 
the growing season be identified in the field through its 
Slow development, it 1S possible that this genotype showed 
more clearly the effects of interaction with taller 
neighbours, affecting plant weight, as well as grain yield 
and its components. 

At the 3 cm spacing, most characters of Glenlea were 
positively associated with the weight and/or yield and the 
harvest index of its associates. Only tiller number was 


negatively related to the height of the associated 
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genotypes. At the 9 cm spacing, however, weight, 1000 kernel 
weight, height and extrusion length of Glenlea were | 
negatively correlated with yield, weight and harvest index 
of associated genotypes. It was earlier shown (Table 6), 
that Glenlea yielded better in most mixture situations than 
in monoculture. This could occur either if the demands of 
associates were less than those of Glenlea, leaving the 
latter a larger share of the available resources, or through 
"hogging' of resources by Glenlea, resulting in suppression 
of the associated genotypes, accompanied by reductions in 
yield. RY values of less than 1, for the genotypes which 
were grown in combination with Glenlea (Table 6), support 
the latter hypothesis. 

Park showed very few Significant correlations at either 
the 3 cm or the 9 cm spacing. This could mean that either 
Park was not much affected by genotype interaction, or that 
Park was affected by its associates in an inconsistent 
manner. Since performance of Park in mixture was typically 
less than its performance in monoculture (Table 6), it can 
be concluded that Park responded differently to the various 
associated genotypes. 

At the 3 cm spacing, many characters of both 70M009002 
and Norquay were negatively correlated with the height of 
their associates, aS wasS earlier described for Pitic 62. 
Unlike Pitic 62, however, these relationships did not exist 
at the 9 cm Spacing. Pitic 62, 70M009002 and Norquay all 


have a medium height, but Pitic 62 tends to produce more 
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Piblevsm Appendix) ert1S possible that the tillers of 
Pitic 62 intermingle more with the tillers of neighbouring 
plants than do the tillers of the two other genotypes. This 
could result in effects of competition for light at both 
interplant spacings in mixtures containing Pitic 62, while 
for 70M009002 and Norquay, the increase in spacing from 3 cm 
to 9 cm was sufficient to reduce competition for light to an 
insignificant level. 

Overall, it appears that competition for light plays an 
important role in the relationships between interacting 
genotypes, in particular for the shorter types and at the 
higher plant density. However, the negative correlations 
between the yield components of associated genotypes which 
occurred at the 9 cm Spacing, indicate that competition for 


other growth factors did occur as well. 


6.3.5 Interaction between genotypes during the early stages 
of growth 

Mean values and Standard deviations for characters 
measured on plants, grown in monoculture, at the flowering 
Stage and at the mid-dough stage are reported in 
Appendices 10 and 11. 

Again, correlations between characters of associated 
genotypes were calculated (Table 8). Positive correlations 
appeared to be more common than negative ones. 

At the flowering stage, however, the flag leaf area of 


most genotypes appeared to be negatively correlated with 
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height components in associated genotypes. Variations in 
photosynthesis due to competition for light, or. other 
factors correlated with height, could have SE RACR leaf 
growth. This effect was not observed at the mid-dough stage, 
Suggesting that leaf senescence, which sets in earlier in 
some genotypes, and in some plants within genotypes, than in 
others, caused a greater variation in the measurements of 
this character at flowering. 

Plant height and height of the flag leaf of Norquay 
were negatively correlated with height of its associates at 
the flowering stage, but not at the mid-dough stage. 

Overall, it appears that the effects of genotype 
interaction on the expression of the measured characters at 
both stages of growth were small. This might be partially 
caused by the greater amount of plant-to-plant variation 
which occurs in machine seeded plots than in plots with 
accurately spaced plants. Interaction associated with 
differences in height, however, appeared to occur at both 


Stages of growth. 


6.4 Discussion 


6.4.1 Effects of genotype interaction on plant-to-plant 
variation 
The variances of meaSurements of plants grown in 


monocultures and plants grown in mixtures were not 
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Significantly different, possibly because a systematic 
planting pattern was used. A genotype, which is grown ina 
mixed stand in which two genotypes are alternated and 
accurately spaced within the row, will always have the same 
type of neighbours, even though these are different from 
neighbouring plants in a monoculture. This consistancy in 
neighbour relationships may explain the observed lack in 
variation. 

Sakai (1955) observed that a genotype which tends to 
dominate in a mixture shows greater variation when grown in 
mixture with a less dominant type, than when grown alone or 
in combination with another dominating type. He did not 
discuss any changes in variation which could occur ina 
mixture of genotypes with an equal ability to dominate. One 
could, however, expect effects on within genotype variation 
which are related to the relative amount of random variation 
present in the two genotypes. A variable genotype, in 
combination with a uniform genotype, could conceivably show 
a reduction in variation, because the environment it 
experiences in such a mixture is more uniform than its 
environment in monoculture. Similarly, the other mixture 
component could show an increase in variation. 

Any of these situations would result in a significant 
genotype x mixture interaction effect on plant-to-plant 
variation. In the present study, however, this interaction 


was only significant for 1000 kernel weight (Table 3). 
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When observing for each genotype the combined data from 
several binary mixtures, however, an increase in 
plant-to-plant variation was found for the number of 
tillers, weight and yield at the 3 cm spacing, and for 
kernel weight at the 9 cm Spacing (Table 4). These effects 
may well be the result of the greater amount of 
environmental variation which is caused by the range of 
genotypes in the mixtures. 

AGmbOtLMetnemoecimancethem?s cmespacing, the distribution 
of several characters, in particular kernel weight and 
harvest index, deviated significantly from normal. Although 
ehemanaly ci smoftmvantances ismincens: tiyemnonsmabledeyiations 
from normality, other conclusions based on estimates of 
variation might be biased to a greater extent. The effect of 
non-normality on the expected gain from selection in a 
breeding program will be discussed in Chapter 9. 

Ghebibeet alae(i97s)Sfound that inva mixture of 
segregating F3 lines of wheat, the effect of interaction 
between genotypes on plant-to-plant variation was 
insignificant for all measured characters. His results might 
be partially explained though, by the fact that he obtained 
his segregating population from a cross between the 
genotypes Pembina and Manitou, which have a similar genetic 


back ground', and therefore would produce a progeny which is 


‘Pembina=Thatcher x R.L.2564(R.L.2564=McMurchy-Exchange x 
Redman ® ) 

Manitou=(Thatcher’-Frontana x Thatcher‘-Kenya Farmer) x 
Tigeonetes>. tamid0925 





genetically and morphologically much more uniform than the 
progeny from a more diverse cross would be. 

Kelker and Briggs (1978) reported both increases and 
decreases in variation aS a response to interaction of 
several genotypes. In their experiment, seven genotypes of 
wheat, including the ones used in the present study, were 
mixed within rows, simulating a segregating population. It 
was concluded that the tendency to increase or decrease in 
variation is genotype-specific. 

The number of genotypes in the present study was not 
large enough to be able to verify Kelker and Briggs’ 
conclusion, although the results from the present experiment 
do not disagree with their results. In Kelker and Briggs’ 
study, the variation of the genotypes Glenlea, Park and 
70M009002 each increased in varation due to genotype 
interaction at a density of 87 plants/ m*, in particular for 
the characters heads per plant, yield and plant weight. In 
addition, variation for height of Pitic 62, Glenlea, and 
Norquay, and harvest index of Pitic 62, Glenlea, Park and 
Norquay decreased. Similar effects were observed in the 


present study (Appendix 7). 


6.4.2 Effects of genotype interaction on mean plant 
performance 

Significant changes in the mean values of several 
characters, related to either total plant weight or to plant 


yield, were observed, as a response to genotype interaction. 
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Hanvesteindex,ewhicheius the ratiovoft plant weight sand plant 
yield, was very little affected, illustrating the eases 
which a complex character can maintain in ainsi the 
plasticity of its components. | 

For some genotypes, the response to genotype 
interaction was quite different at 3 cm and at 9 em Spacing. 
This was demonstrated most clearly by Glenlea, the 
characters of which showed positive correlations with most 
characters of neighbours at the 3 cm spacing, while negative 
correlations were more prevalent at the 9 cm spacing. Thus, 
a change in interplant relationships occurred with 
increasing plant spacing. A possible explanation iSeehatmat 
the 3 cm spacing, the available growth factors were limiting 
to both genotypes in the mixtures, thus preventing the 
expression of genotypic differences. At the 9 cm Spacing, 
resources were less limiting and plants would have a greater 
chance to develop according to their genetic potential. This 
could have resulted in negative relationships between the 
measured characters of Glenlea and its associates at the 
9 cm but not at the 3 cm spacing. this hypothesis is 
Supported bysthe observation in 1977, that effects of 
genotype interaction were insignificant at the highest plant 
density, where all plants were severely reduced in growth. 

Competitive interaction between plants frequently leads 
to negative correlations between characters of the genotypes 
combined in a mixture. However, positive correlations are 


observed as well. Interaction between plants of different 
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oat species, resulting in positive correlations between the 
height of mixture components, has been described by Trenbath 
and Harper (1973). 

Factors which cause differences between replicates, 
such as soil heterogeneity or a difference in elevation, 
could also be the cause of a positive correlation between 
characters of genotypes which are combined in a mixture. In 
the present study, however, it was not possible to 
distinguish between positive correlations due to plant 
interaction and those due to other factors. 

There 1S some evidence in the literature (Troughton and 
Whittington, 1968), that maturity is positively correlated 
with root mass, because late flowering plants can invest 
more time in the development of an extensive root system. If 
maturity is positively correlated with root mass, then Pitic 
and Glenlea, which were the latest maturing genotypes in 
this study, could have had a competitive advantage through a 
larger root system. This could cause negative correlations 
of other characters specific to these genotypes, such as the 
number of tillers or height, with the yield components of 
their associates. Whether this was the case can only be 
confirmed through studies involving measurements on the root 
systems during the growing season. This hypothesis could 
also explain why Park, which was the earliest genotype in 
the study, generally performed poorly in mixture. 

At the 9 cm Spacing, negative correlations existed 


between kernel weight and the number of tillers and the 
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number of heads on neighbours. These relationships suggest a 
different type of interaction than observed at the 3 cm 
Spacing. Although interactions related to the greater 
nutrient requirements of plants with more tillers are 
probably of importance, one has also to consider the effect 
which variation in the number of tillers could have on the 
competition for light between neighbouring plants. It is 
possible that at the lower plant density, plants with many 
tillers interfere more with the light reception of their 
neighbors than do plants with less tillers, resulting in the 
observed correlations. 

Interaction between genotypes in a mixture occurs 
throughout most of the growing season. In addition to 
measurements at maturity, a detailed study of the growth and 
development of each mixture component could therefore 
provide information on the causal basis for the observed 
results of interaction. Several studies have indicated that 
differences in the developmental pattern of neighbouring 
plants greatly influence their interaction (Christian and 
Giuayym C4iee trenbabh and Harper 1973; Trenbath, 1975; 
Harper, 1977; Clark, 1980). The present study was not 
designed to perform such a detailed growth analysis. 
However, data collected at different times during the summer 
Suggest that interactions occurring before flowering, and 
specifically those affecting growth of the flag leaf, may 
ultimately affect grain filling through an altered 


photosynthetic area (Hsu and Walton, 1971) 
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7. Effects of Seed Size on Plant Interaction 


7.1 Materials and methods 

In 1979, seed of the genotypes Pitic 62, Glenlea, Park, 
Norquay, and 70M009002 was sorted, through sieving and hand 
picking, into large, medium, and small size seeds 
(Appendix 12). The medium size seeds were discarded, and the 
rest seeded in plots, containing only large seeds, only 
small seeds, or small and large seeds alternated within the 
rows. 

All seeds were glued onto strings (see Section 5.1.2) 
with 3 cm between seeds. The plots each consisted of three 
2.5 m long rows, 30 cm apart, and all treatments were 
replicated three times. Eighteen adjacent plants (54 cm) 
from the middle rows were sampled at the 3-5 leaf stage, at 
the jointing stage, at the heading stage and at maturity. 
Since sampling at each time was completed in one day, the 
five genotypes were not at exactly the same stage of 
development. 

The locations of the samples were randomised within 
each row, and two plants at the end of each sample were 
allowed as guards. At the time of sampling, all plants in 
the section of row to be harvested were numbered, and 
measurements were taken on each plant. Empty places in the 
row were recorded and plants with one or both first 


neighbours missing were discarded. 
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she) 


iheschavaclersawiiongwenesmeasured varied with ithe time 
of sampling, as indicated in Table 9, and were chosen, for 
each developmental stage, as features which could easily be 


distinguished. 


7.2 Analysis of the data 

The data were analysed to investigate the effects of 
seed size and uniformity on plant performance, on within 
genotype variation, and on the interaction between 
neighbouring plants. 

Variance, skewness and kurtosis of the measured 
characters were computed for each sample. The effects of 
genotype, seed size and uniformity on these parameters were 
examined for each sample date with an analysis of variance. 
Because several of the distributions of measured characters 
Geviated significantly from normality, a natural log 
transformation of the variances was used (see Section 6.2) 

Because plants were missing at the end of some rows, it 
was very difficult to identify the exact Sequence number of 
each plant. This especially created a problem in the plots 
with mixed seed. It was, therefore, impossible to compare 
the performance of plants from large and small seeds in 
mixture, with the performance of the same type of plants in 
plots from uniform seed. 

Differences between the genotypes, between the 


replicates, and between the performance of plants from 
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large, small, and mixed seed were examined, for each sample 
Gate, with an analysis of variance. 

To investigate the interactions between adjacent plants 
from small, large, or mixed seed, simple correlation 
coefficients were computed for all character combinations on 
LakacmoOrenevgnoOuLrMigenlaitcmalstawrtnesnd,, 200 withesra, 
etc. 

It waS intended to compute these correlations for 
second neighbours as well as for first neighbours. Missing 
plants, however, severely reduced the number of pairs for 
which correlations could be computed. For every plant which 
was missing, four of the first neighbour pairs and five of 
the second neighbour pairs were invalidated, or 23.5% and 
31.3% respectively of the data. Since an average of 1.8 
plants per plot were missing (10%), correlations on second 
neighbours have not been included. 

In 1978, it was noticed that considerable variation in 
height existed among plants of the line 70M009002. At the 
end of the 1979 growing season, it became apparent that this 
genotype was not a pure line. There was a marked variation 
in height and awn length, and it was decided to eliminate 
this line from all tests involving single plant data. No 
meaningful comparisons concerning plant interactions can be 
made between treatments if there are already genetic 
differences in plant form, and possibly growth pattern, 
within the line under investigation. It is now believed that 


this line possessed a degree of outcrossing, perhaps as high 





as 5%, which would explain the increase in heterogeneity as 
seed was increased during the three years of this study (Dr. 
K. G. Briggs, Professor of Plant Breeding, University of 


Alberta, Edmonton, Alberta, 1980, personal communication). 


7.3 Results 


7.3.1 Effects of seed size on mean plant performance and 
Sample distribution of characters 

Mean values of the plants from small seeds, from large 
seeds, and from mixed seeds, at each of the measured growth 
stages are shown in Appendices 13-16. Values of skewness and 
kurtosis of the samples are given in Appendix 17. 

Ate newes—5 leaf stage the plants from mixed seed had a 
Significantly lower variance (a<0.05) for number of leaves 
than the plants from the uniform seed (Table 10). At 
maturity, only the variance of head length was significantly 
(a<0.05) affected by seed treatment. The head length of 
plants from small seed was much more variable than was the 
head length of plants from large or mixed seed. 

The skewness and kurtosis of the characters within 
sample dates were not significantly affected by the 
treatments. However, distributions did differ significantly 
among growth stages for those characters which could be 
compared: the number of tillers, weight and height (sample 


37 4 only, Table 11). Kurtosis of all three characters was 
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Table 10. The effect of genotype and seed treatment~ on the 


: 2 ; ew 
variance of single plant characters, at different stages 


of growth, as determined by analyses of variance?. 


All plants were grown in three-row plots in 1979. The 


data are from consecutive plants in a row, excluding plants 


with missing neighbours. 


Source 
of 
variation df 
Genotype (G) 3 


Seed 
treatment (S) 2 


Replicate (R) 2 


Gxs 6 
Gx R 6 
Scud 4 
Residual iz 


4 
Mean squares of characters 


Number of leaves at 
them> oe leat stage 


oooA 


TS GN 2 3 


667 


4455 


ge 5739 


5445 


6729 


Head length at 
maturity 


13978 


24183* 

14899 
6429 
7085 
7661 


6127 


1. Seeds were sorted into large and small seeds (see Appendix 10) 


and seeded in rows with uniformly large seeds (treatment 1), 


uniformly small seeds (treatment 2), or large and small seeds 


alternated (treatment 3). 


2. The natural logarithm of the variances was used. 


5.) uSignisi cant, sdpse 0.05% 


4, Characters which showed no significant differences have been 


excluded. 
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Table 11. The effect of growth stage, genotype, and seed treatment 


; 2 . s 
on the variance and skewness of single plant characters, 


: : 3 
as determined by analyses of variance . 


All plants were grown in three-row plots in 1979. 


The data 


are from consecutive plants in a row, excluding plants with 


missing neighbours. 





Source of 


df Variance 
variation “i 
Ht gk 

Growth stage 

(GS) 3 1254874" 25.68** 
Genotype (G) 5 IOS as ATO) <= 
Seed treatment 

(S) Zz (Oealel 0.68 
Replication 

(R) 2 0.26 ORAZ 
GS x G 9 2.51** LO, 
GSaxeS 6 0.76 O55 
GSa% RK 6 0.26 O29 
Goss 6 On5¢ 0.44 
Gar 6 107, 0.40 
Sax Rk 4 OFS. 0.56 
Residual 152 OF47 0757 


1. As defined in Table 10. 


2. The natural logarithm of the variances was used. 
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4. Character abbreviations defined in Table 1. 


Mean squares of distribution parameters 


Skewness 
Ht Ti 
£26 Saas 
36 2.16* 
.08 0.29 
.10 1.04 
R55 0.66 
oye) 1205 
.60 Oe wie 
262 One 
. oo 1.93 
.68 0.76 

85 0.79 
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unaffected by growth stage, as was skewness of the weight 
distribution. However, the skewness of the aise ae VOR POE 
tiller number changed significantly (a<0.01) from an, on the 
average, negative value at the first three sample dates, to 
a poSitive one at maturity (Appendix 17). 

The skewness of the height distribution increased from 
an average value of -0.34 at the heading stage, to a value 
of -0.69 during the last part of the growing season 
(Appendix 8). Although the difference has only a 
Significance level of a=0.057 it does illustrate the 
increase in skewness which was earlier observed by Koyama 
and Kira (1956). 

At each growth stage, differences among genotypes were 
Significant for most characters (Table 12a through d). At 
the first three growth stages, the genotype x treatment 
interactions were more often significant than were the 
treatment effects. This suggests that genotypes were 
affected differently by the various seed treatments 
throughout the growing season. At maturity, the seed 
treatment main effects and the genotype x seed treatment 
interactions were predominantly insignificant, as were the 
seed treatment effects. Height and dry weight, which had 
shown significant seed treatment effects at the jointing and 
at the heading stage, did not show these effects any longer. 
Because maximum height was not obtained by most plants until 
after heading, this disappearance of seed treatment effects 


illustrates the tendency of plants to grow out to a uniform 
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Table 12a. The effect of genotype and seed eregement? on single plant 
characters, measured at) the 3-5uleaft stage, as determined 


by analyses of pari auce” 


All plants were grown in three-row plots in 1979. The 
data are from consecutive plants in a row, excluding 


plants with missing neighbours. 


Source of Mean squares of characters” 
df 
variation Ht, L * Wt 
(x 10%) 
Genotypes (G) 3 S22 0.28 Si 51% * Da 
Seed treatment (S) 2 10 0.82 CFO] 5 
Replicates (R) 2 AT cm PARAG SS 0.68 2 
GExes 6 23 2a Oo Ds oA Sed a 
GExaR 6 58 A She Jap 1.45 A 
SR 4 1 Goo7es 1.47 1 
(ep etsy SAN 12 aM PR VOR Lei AA* i 
Residual SoZ T2 0732 0.70 1 





ieeensecetinedoins Lablew1G. 
Pec t ON LttCant nO. 05 500cus SLeniticant.ae< 0.017 


3. Character abbreviations defined in Table 9g, 
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Table 12b. The effect of gen cype and seed treatment; on single plant 
characters, measured at the jointing stage, as determined 


by analysis of vantancesc 


All plants were grown in three-row plots in 1979. The 
data are from consecutive plants in a row, excluding 


plants with missing neighbours. 


ED 


Source lot Mean squares of characters” 
df 

variation Ht, N Ly Wt 
Genotypes (G) 3 1A TEE el LD 1 FF 2-29 3.24** 
Seed treatment (S) 2 Ol 0.26 6.99 0558 
Replicates (R) 2 ola 127 0Se0 Jo Se Re habe 
Ces 6 5s 220554 Lee Ono2a 
GxR 6 56" 0.84 Teh? 0.44 
Sex R 4 iiss Paes 5505 0.38 
Gexeo7 eR ill Oo 2el2= = Sew 0.46 
Residual 315 17 0.45 4.90 Oe28 


a 


1. As defined in Table 10. 
Jeo CN PCat OL Uo5 se casi oniticant> os 0.01. 


3. Character abbreviations defined in Table 9. 
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Table 12c. The effect of genotype and seed treatment’ 


onesingles 


plant characters, measured at the heading stage, as 


determined by analyses of variance.” 


All plants were grown in three-row plots in 1979. 


The 


data are from consecutive plants in a row, excluding 


plants with missing neighbours. 





Source of 


df 
variation 
Genotypes 3 
Seed treatment Z 
Replicates 2 
Gxs 6 
Geax RK 6 
SoR 4 
Gude Sy Xe IPR i 
Residuals 383 


Ty ASs defined im Table: 10. 


Zee eSisnigicant, a < 0.05; 


Mean squares of characters 


Ht. 


18462** 
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68. 


3. Character abbreviations defined in Table 9. 
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height, which is characteristic of their genotype. 

The mean tiller number per plant dropped from jointing 
to maturity, for all genotypes except Park (Appendices 14 
through 16). Tiller number was not significantly affected by 
seed treatment at the jointing and the heading stages, a 
Significant genotype x seed treatment interaction (as0.01) 
occurred at the heading stage, and at maturity, a 
Significant treatment effect (as0.05) existed for the number 
of tillers and the number of heads per plant (Table 12b 
Sisoughea) 

At maturity, the plants from small seeds had fewer 
tillers and heads than did the plants from large seeds, for 
all genotypes except Glenlea (Appendix 16). Since seed 
treatment effects earlier in the season were not 
Significant, this suggests that plants from small seed on 
the average lost more tillers than did plants from large 
seeds. Thousand kernel weight of the plants from large seeds 
was significantly smaller (a#<0.01) than that of the plants 


fromesmalleseedsmGTable #i2d)x 


7.3.2 Effects of seed size on interaction between neighbours 
The correlations of all measured characters of each 
plant with those of their first neighbours gave an unwieldy 
total of 1572 correlation coefficients. It would be of 
little value to look at the magnitude of each of these 
coefficients individually. More important is to see if any 


patterns in character relations exist. If no correlation 
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exists between two characters of neighbouring plants, the 
probability that the coefficients for all four genotypes in 
a treatment will be of the same sign just by chance 1S ee 
mem mx el Ome eat bee nerefore, = the value ot) the 
coefficients does not have to be very high to be meaningful, 
if they all have the same sign. In order to accept the 
hypothesis that a correlation exists between characters 
measured on neighbouring plants, in each of the four 
genotypes given the same treatment, with as 0.01, each of 
the coefficients has to have the same sign anda 
Significance level less than or equal to 0.47, Since 2 x 
GOn4y)4-2070il. USINgGsthnissvalue, all correlation 
coefficients were examined for each of the three treatments 
(Tablers|3)s 

Throughout development, positive correlations were more 
common than negative ones. As was explained in Section 
6.4.2, plant interactions as well as environmental 
conditions can be responsible for this. Conditions which 
affect a short section of row, such as variation in depth of 
sowing, wheel compaction or irregular nutrient distribution, 
could result in higher or lower values for all plants in 
that section, compared with plants in the rest of the plot, 
and, thus, result in positive correlations between 
neighbours. 

At the jointing stage, the only negative correlation 
was the one between tiller number and the number of nodes of 


neighbouring plants, derived from mixed seed sizes. 
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Table 13. Gocrolareds characters of neighbouring plants, at differ- 
ent stages of growth, in rows of plants from large seeds, 


small seeds or alternated large and small seeds. 


All plants were grown in three-row plots in 1979. The 


data are from overlapping pairs of neighbouring plants in 
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All correlations are significa Save sey SM OnIOi ie 

3-5L = 3-5 Leaf stage, J = Jointing stage, H = Heading Stage, 
M = Maturity. 

Character abbreviations defined in Table 9. 


Last number indicates seed treatment as defined in Table 10. 
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At the heading stage, the tiller numbers of 
neighbouring plants, derived from mixed seed, were 
negatively correlated. However, at this stage, tiller number 
of some genotypes was affected by seed treatment also 
(Table 12c), and the observed correlation, therefore, does 
not necessarily imply the occurrence of neighbour 
interactions. At maturity, a significant negative 
correlation existed between the number of tillers and 
harvest index and between number of heads and harvest index 
of plants from large seeds, and between height and 1000 
kernel weight, and between stem length and 1000 kernel 
weight, of plants from mixed seed. Since seed size effects 
on tiller number, head number and kernel weight were 
observed in plots seeded to uniformly sized seed, one would 
expect negative correlations between these characters, in 
plots from mixed seed sizes. Their absence indicates 
possible effects of neighbour interaction. For plants 
derived from small seeds, Significant correlations were all 


positive. 


7.4 Discussion 

The drop in tiller number, which was observed after 
Hhead@igqmeorm plant cetromealle Seed strearments, was more ssevere 
for plants from small seed than for those from mixed or 
Vargemseca. this mesulted in Significantly fewer tillers and 


fewer heads on plants from small seeds at maturity. 








107 


For most genotypes, however, yield per plant was not 
Significantly affected by seed treatment. The larger 1000 
kernel weight, observed for plants derived fron small seeds, 
demonstrates compensation for the reduction in head number, 
through an increase in seed weight. A number of factors 
could have contributed to this result. Firstly, some of the 
assimilates which were acquired before anthesis, and which 
had been stored in the lost tillers may have been relocated 
and later been used in grain filling on the remaining 
tillers (Evans and Wardlaw, 1976). Secondly, since 
competition for light takes place between leaves rather than 
between plants (Donald, 1961), leaves of plants with few 
tillers could experience less competitive interference from 
leaves on other tillers than would leaves on plants with 
many tillers, given the same interplant spacing. A higher 
rate of photosynthesis per leaf could therefore occur in 
plants with few tillers, resulting in more assimilates per 
tiller and, thus, the potential for larger kernels. 

The data from this test give only partial support to 
the findings of Hozumi et al. (1955), who found negative 
correlations between dry weights and between shoot lengths 
of neighbouring corn plants derived from uniform seed. 
Negative correlations did occur in the present experiment, 
but not very frequently. The negative correlations which 
were observed among plants from large seed, all occurred 
between tillers or heads per plant and those characters 


which pertain to grain filling (harvest index, 1000 kernel 
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weight). This suggests that variation in tiller number is, 
directly or indirectly, related to the process of | 
grainfilling in adjacent plants. No negative correlations 
showed up in the plots from small seed. This could possibly 
be the result of smaller root systems, which would reduce 
interaction between neighbouring plants. 

Although alternating height differences between 
neighbours existed throughout the growing season in all 
three treatments, at maturity only the mixed seed treatment 
Showed significant effects related to differences in height. 
It was not possible to determine with certainty whether 
small seeds gave rise to short or tall plants. If one 
BoSiinie sae nemno nine Gam tna nlesSeedusizem1 Nmthnesml xed iseed 
treatment had an effect on kernel weight opposite to the 
effect observed in the uniform seed treatments. The negative 
correlation, which occurred in the mixed seed treatment 
between height and kernel weight, suggests that plants from 
small seed with tall neighbours yielded seeds with low 
kernel weight and vice versa. Thus, interaction between the 
tall and short plants affected plant growth in such a way 
that tall plants were able to acquire a relatively greater 
amount of one or more of the factors limiting to grain 
filling. It thus appears that interactions between 
neighbours derived from different size seeds, were different 
than those which occurred between plants from uniform seeds, 


affecting in particular’ the character kernel weight. 
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The results of the present experiment indicate that 
differences in seed size can be a source of variation among 
phenotypes, both through effects on plant development as 
well as through effects on neighbour relationships. Although 
these conclusions are based on observations in monocultures, 
Similar effects can be expected in a mixture of genotypes. 
Effects of interaction between genotypes in a segregating 
population might thus be confounded with the effects of seed 


size which occurred among the seeds of the propagated lines. 





8. The Relationship Between Mixture Yield and Monoculture 


Yield of the Components. 


8.1 Materials and methods 

Viele trmalseweren grown sing |9/7 and 1979 in Edmonton, 
ance lm ol Geinebilere ii en elhemtrial Ss sinvolved eight 
genotypes (see Section 4.2), grown in monoculture and in all 
possible binary combinations, arranged in a randomised block 
design with three replications. 

Plots consisted of four 6 m long rows, spaced 23 cm 
apart, in banks which were Separated by 2 m wide pathways. 
The rows were seeded in all three years in a N-S direction, 
guard plots were seeded at the end of each bank, and at 
harvest, a 30 cm strip at both ends of each plot was 
removed. Only the center two rows of each plot were 
harvested with a small plot harvester'. Using a visual 
assesment of maturity, each plot was harvested when more 
than 50% of the plants appeared to be ripe. 

To obtain an equal number of plants of each genotype 
per plot, percent germination and 1000 kernel weight of each 
genotype were used to calculate the weight of seed necessary 
to give an average density of 257 seeds/m’, or an average of 
1.7 cm between seeds within rows. For an average weight of 
40 g/1000 kernels, this seeding rate is equivalent to 100 kg 
viable seed per ha. These are Similar seeding rates and 


‘Designed and produced by J. Fitzsimmons and T. Snider, 
Dept. of Genetics, University of Alberta, Edmonton, Alberta. 


Ke) 





plant Spacings to those normally used for standard yield 
trials of wheat at both stations. 

The plots were seeded with a small-plot disk seeder, 
designed in 1970 by the Canadian Department of Agriculture, 
Swift Current, Saskatchewan. A cone-shaped seed divider was 
attached to partition the seed equally into the four drill 
rows. 

Harvesting conditions in 1978 were very wet, causing 
some loss of yield and considerable lodging in one corner of 
the field. Because the amount of loss was hard to estimate, 
the data have not been adjusted. None of the genotypes was 
infested with significant levels of disease or insect pests 


in any of the three years. 


8.2 Analysis of the data 

It was the objective of this study, to observe the 
Stability of mixture yield over years, and to investigate 
the relationship between mixture yield and the yield of 
their components grown in monoculture. 

By means of a randomised block analysis of variance, 
the variation among years, among monocultures, among 
mixtures and between mixtures and monocultures was examined. 

From the yields of the monocultures in each block 
(replicate), the expected yield of each mixture in the same 
block was calculated as: 


Y(AB)=Y(A)+Y(B) /2 
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where’ Y(AB)>Y(A) and ¥(B) are’the plot yields of the mixture 
of genotypes A and B, and their monocultures, respectively. 
The ratio of the observed yield and the expected yield of a 
mixture of two genotypes, hereafter referred to as Specific 


Mixture Efficiency (SME), was calculated as: 


using the same notation as above. If, for example, a mixture 
of the genotypes A and B has a plot yield of 1400 g, and the 
monoculture plot yields of A and B are 1000 g and 1500 g, 
respectively, then the SME of the mixture AB would be 
2x 1400700041500) =i. 

The SME resembles the RYT which was used in Chapter 6. 
The RYT, however, iS calculated from the RY of each of the 
components, and hence, will have values which are 
numerically slightly different from the SME values. The 
meaning of values less than one, greater than one, and equal 
to 1 is the same for both, however. 

Significance of the SME values was tested with a t-test 
analoguous to the one described for RYT (see Section 6.2). 

Spearman's rank order correlation coefficients were 
computed for the correlations between grain yield of the 
mixtures and SME in each of the three years, as well as for 
the correlations between yields in 1977 and 1978, yields in 
1977 and 1979, and yields in 1978 and 1979, respectively. 


The same correlations were computed for the SME values. 
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Mixtures of two genotypes can be seen as analogues of 
the Fl generation of a genetic cross, and hence, techniques 
Similar to those which are used to determine genetic 
parameters, can be used to analyse mixture properties. An 
analysis of variance for diallel crosses was developed by 
Hayman (1954). In his method, the total variation is 
partitioned into a component due to '‘arrays' (columns of the 
diallel table), a set of three orthogonal interaction 
components, and an error term. Morley Jones (1965) described 
the use of this technique to analyse data from a half 
diallel. 

Hayman's technique of diallel analysis has been 
modified and used by various authors to analyse competition 
experiments (Williams, 1962; Eberhart et al., 1964). In most 
of those cases, the competing individuals could be readily 
identified, allowing data to be collected from each of the 
components of the mixtures. Hay (1974) described the use of 
Hayman's analysis of variance for experiments in which the 
competing individuals cannot be separated. 

The components of variation in the Hayman analysis are: 

1. The array sum of squares, with n-1 degrees of freedom 
LOmPanenmx ated Cl wehaCheGOlumnimoOmathnestulldiallel 
table comprises an array. The examination of the arrays 
of a half diallel thus requires that each data point is 
used twice in the computation. Morley Jones (1965) 


computed the SS for arrays as follows: 
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WheneRvVrewicuthessumeotathe nth¥array andeYrreisathe 


value of the rth monoculture (diagonal values of the 


diallel table). Significant differences among the arrays 


would indicate that differences exist between the 


general ability of the genotypes to perform in a 


MUXEUGes 


An interaction term, b, which can be partitioned into 


three orthogonal components: 


a. 


bi tests the effect of genotype interaction and 
allows examination of the difference between 
mixtures and monocultures, with 1 degree of freedom. 
b2 tests the differences between genotypes ineche iG 
interaction with all other genotypes. The sums of 
Squares are computed using for each array the 
differences between twice the mixture values and the 


monoculture values: 


Using the same notation as above, b2 has n-1 degrees 
of freedom. If no interactions between genotypes 
occur, this component measures strictly the 
differences in yielding ability among genotypes. 

b3 tests the effect due to specific combinations of 
genotypes and is computed by subtraction of the SS's 


LOrsobidy StU GED IanO OZ eh tOMeune —COLalLeSS. 





The formula which was used by Morley Jones for array 
SS, was used by Griffing (1956) to test differences in. 
General Combining Ability (GCA). He used the remaining 
variation as a whole, to determine effects of specific 
combining ability (SCA). The use of Griffing's technique for 
the analysis of mixture experiments was suggested by Jensen 
and Federer (1965). Hayman's partitioning of the interaction 
SS, however, allows a closer examination of the types of 
interaction which take place and of their relative 
magnitude. 

GCA iS a parameter which was originally introduced to 
assess the value of a genotype for breeding purposes. An 
extensive review of this subject was given by Sprague and 
Tatum (1942). Because high yield is an objective of most 
breeding programs, an indicator of both yielding ability of 
a genotype and its value aS a parent in crosses, is useful 
for the selection of breeding material. In experiments which 
study the mechanisms underlaying mixture efficiency, 
however, the yield of a mixture is only of interest in 
relation to the monoculture yields of its components. 
Average Mixture Efficiency (AME) can be expressed as the 
ratio of the observed mixture yields to the mixture yields 
which can be expected based on the monoculture yields of the 


mixture components: 


using the same notation as before. If, for example, binary 
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mixtures are formed from the genotypes A,B, and C, and the 
monoculture plot yields are 900 g, 950 g, and 1000 g, | 
respectively, and the mixture plot yields are 1000 g each, 
the AME for genotype A would be 
2x3000/(3x900+900+950+1000)=1.09. 

The AME provides a measure of the average effect of a 
genotype on mixture yield, uSing its monoculture yield as a 
point of reference. The GCA gives an indication of a 
genotype's ability to perform in mixture uSing the 
experiment mean as a point of reference. 

Jinks (1954) suggested the use of regression of the 
covariances (W) of offspring and parents of a diallel cross 
on the variances (V) of the offspring, to investigate 
dominance relationships. Harper (1965) and Hill and 
Shimamoto (1973) used a similar technique to determine the 
genotypic differences in ‘competitive ability' of plants 
grown in mixtures. For the analysis of mixture experiments, 
the positions of the array variances along the X-axis of the 
resulting graph indicate the ability of the genotypes to 
dominate in the mixture. Dominating types will influence the 
performance of the mixtures in which they grow to a larger 
extent than will less dominating types, resulting in more 
uniform array components. Their arrays are, therefore, 
expected to have smaller variances and covariances. As a 
result these values will lie near the origin of the graph. 
Without any specific interactions between genotypes, a 


regression line can be fitted with a slope of approximately 





1. Deviations from 1 will result from mixtures which perform 
much better or much worse than expected, cauSing an increase 
in variance and a decrease in covariance. 

If a linear relationship exists between V and W, the 
sum (W + V) can be correlated with the monoculture yields 
(or any other character that might play a rolé in genotype 
interaction) to determine whether there is an association of 
monoculture yield with the ability to dominate in a mixture. 

For the analysis of variance of the mixture yield 
trials from 1977,1978 and 1979, Hay's directions (1974) were 
followed. Regression lines of W on V were fitted according 
to Jink's method (Jinks, 1954). SME and AME values were 
computed, and for comparison, Griffing's (1956) formula was 
used to compute the effects of General and Specific 
Combining Ability (GCA and SCA) for each genotype or 
genotype combination. In order to assess the significance of 
the AME values, a t-test was used to compare the observed 
mixture yield with the expected yield based on monoculture 
values. Significance of the GCA values was tested with an 
F-test, using MS values obtained from the analysis of 
variance. Correlations between monoculture yields and AME 
were computed, to investigate the relationship between AME 


and yielding ability. 
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8.3 Results 

In spite of satisfactory performance in the 1977 ; 
germination test (84.7%), Pitic 62 failed to germinate in 
thesfiteld that year, and in 1977, all plots involving this 
genotype had to be discarded. 

Monoculture and mixture yields varied substantially in 
the three years (Appendix 18a through c). Besides the 
different locations involved, the weather patterns in the 
three years were quite dissimilar (Appendix 1), which 
probably contributed to these yield differences. 

The yield levels of the mixtures, in relation to those 
of the component monocultures, were divided into the 
following four categories (Table 14): 

1. below the monoculture yield of the lower yielding 
component in that year (C1), 

2. between the monoculture yield of C1 and the mean of the 
component monoculture yields (C2), 

3. between C2 and the monoculture yield of the higher 
yielding component (C3), and 

4. above C3. 

Significantly (a@<0.05) more than half of the mixtures 

yielded more than the mid-component yield, suggesting, on 

the average, a greater efficiency of resource utilisation by 

mixtures than by monocultures in these three years. However, 

only 4 of the mixtures (14.3%) yielded more than the mid 

component yield in all three years. None yielded 


consistently less. 





Table 14. Frequency distribut sure yield relative to the 


yield of the compe “s ge sm in monoculture. 


All plots were ma: .ne se: ‘ed, and harvested at maturity, 


in 1977, 1978 and 1979. 





Frequency distribution of mixture yield? 








Mixture 

< 4 

ge act MACE seed ee 3 

Pitic 62 + Glenlea 2 
Pitter Ceo2e+ epark 1 1 
Pitic 62 + Neepawa 1 H 
Pitic 62 + 70M110001 Z 
Pitic 62 + 70M009002 2 
Pitic 62 + Norquay i 1 
PACUCHO 2s taNBie Ol 2 
Glenlea + Park 1 2 
Glenlea + Neepawa 2 1 
Glenlea + 70M110001 2 1 
Glenlea + 70009002 1 2 
Glenlea + Norquay 2 1 
Glenlea + NB 701 2 1 
Park + Neepawa il i it 
Park + 70M110001 1 “a 1 
Park + 70M009002 il Zz 
Park + Norquay 1 1 1 
Park + NB 701 1 1 1 
Neepawa + 70M110001 1 I 1 
Neepawa + 70M009002 1 2 
Neepawa + Norquay 1 1 1 
Neepawa + NB 701 1 2 
70M110001 + 70M009002 1 1 1 
70M110001 + Norquay 2 1 
70M110001 + NB 701 1 2 
70M009002 + Norquay 2 1 
70M009002 + NB 701 2 1 
Norquay + NB 701 1 2 

11 16 ZA 29 
Percent of total (14.3) (20.8) C7e3) (ifort) 





1. Number of seasons in which the mixture yield 4) fell in the 


specified categories; where 


Cc; = Lower yielding component 
Cc, = Mid-compoment yield 
Cc, = Higher yielding component 


2. Data for Pitic 62 were only obtained in two years. 
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8.3.1 Effects of genotype interaction on plot yields 

An analysis of variance of the combined data of the 
three test years showed that year effects as well as effects 
among mixtures and monocultures were significant (a#<0.01) 
(Table 15). Partitioning of the treatment SS into components 
containing variation due to differences among monocultures, 
due to differences among mixtures and due to differences 
between mixtures and monocultures, revealed that mixture and 
monoculture yields did not differ significantly when 
observed for a period of three years. Significant 
interaction effects existed beween years and mixtures and 
between years and monocultures, Suggesting a year effect on 
the performance of individual genotypes when compared in 
mixture and in monoculture. 

Analysis of each year individually (Table 16) revealed 
the absence of significant differences between monocultures 
in 1978. This fact is probably largely responsible for the 
year effect reported in Table 16. The wet fall weather in 
1978 caused considerable lodging in one corner of the field, 
which resulted in a significant (a<0.01) replication effect, 
and probably obscured true genotype effects. The differences 
among mixture yields were significant in each of the three 
Veco s0 aUbrmos UO mos0, 01). Onlysina | 977A didamaxturesand 


monoculture yields differ significantly (as0.05). 
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Table: 15)-aghlne t of year, genotype monoculture and genotype 
mixing on plot yield, as determined by analysis of 


Varrance:, 


All plots were machine seeded, and harvested at maturity, 


TN Oe lo candi on9., 





Source of variation df Mean square 
Near sue  \y} 2 2913881" * 
Treatments (T) 27° 264.352. * 
Genotyve 
Monocultures (Mono) 6 Suo0 ie 
Mixtures (Mix) 20 169635% 
Mix vs Mono ih 22990 
NT 54 $5.65 a0 
Y x Mono 12 45505** 
Yao Max 40 50069 >= 
Y xX Mix vs Mono Z 21547 


Residual 168 11487 


feces Onli cates <2 .0534.) =2 Significant 0 7<)0.01- 


ZeeData tor Pitic 62 have been excluded for all years. 
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Hab Lem Onan! of genotype monoculture and genotype mixing on 
pis sid in each of three test years, as determined by 


; : 1 
analyses of variance. 


All plots were machine seeded, and harvested at maturity, 


ins 197 75619738 eands1979% 





Year Source of variation df Mean square 





1977 Treatments: 


Genotype 

Monocultures (Mono) 6 Congas 

Mixtures (Mix) 20 21543* 

Mono vs Mix 1 60896* 
Replications 2 P 22021 

Residual 53 10846 


1978 Treatments: 


Genotype 


Monocultures (Mono) 7 22197 

Mixtures (Mix) OF 29860** 

Mono vs Mix 1 6513 
Replications 2 138430** 

Residual 107 12336 

1979 Treatments: 

Genotype 

Monocultures (Mono) (oe 48808** 

Mixtures (Mix) 27 43720** 

Mono vs Mix La: 14597 
Replications 2 3242 

Residual 107 8682 


a 


il,  Guigiaieenke. OS WLWS5 significant, a < 0.01. 
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8.3.2 Mixture efficiency and its correlation with yield 

Both the mean mixture yields and SME values differed 
from year to year. For example, the Pac Neecaes mixture 
yielded well above the expected yield in 1977, while in 
1979, the yield of the same combination failed to reach even 
the level of the lower yielding component (Appendix 18a 
ehynouch=e)™ 

Spearman's rank-order correlation coefficients were 
computed for the following correlations (Table 17): 
fame Cuveny rel dn anGsoMe sino / 7, eine 197cand in 1979, 
ZeeLUXeULeey1elaoGeanmioy /sanded9/O, sin si9/7eand 1979, sand 

in 1978 and 1979, and | 
SEO ME ESmine | JOimeandmi976,) in 1977eand 1979757 andsin 1978 
endsi979. 
No consistent relationship seemed to exist between the 
mixture yields and the SME values in any of the three years. 
The relative mixture yields in 1978 appeared to be quite 
Grererencerrom those: in 1977) and 1n 1979, and evther 
climatic conditions or the different location could have 
influenced relative yields. 

Attinaw (1977) grew seven of the eight genotypes which 
were involved in this study, at three different locations, 
including Edmonton and Ellerslie. Table 18 shows the rank 
order for yield, in each year, for the genotypes grown in 
his study and in this study at the two locations. Some 
genotypes appeared quite consistent in their relative 


position (e.g. Glenlea and Park), while others were more 
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Table 17. Relationship between mixture yield and Specific Mixture 
Bet ciencys within and between years, as expressed by 


7} 
Spearmans rank order correlation coefficient. 


Correlated Correlation 
Parameters? coefficient 
Yo5 - Yo ~0.37* 
Yo4 - Yo OpoGos 
Yo9 - Yo9 -0.29 
Yoo - SME 5 0.19 
Yo9 - SME. 0.26 
Yo9 - SME 59 O 7A 
SME. - - SME. -0.21 
SME_ 5 - SME 59 O29 
SME... - SME 0.06 


1. As defined in Section 8.2. 


JeeeLSiiticant, On 0.05) ee esigniticant, a < 0.01, 


Ss Yoo> Yog> Yog = mixture yield in 1977, 1978 and 1979, 
respectively. 
SME SME SMES SpeCciLLc Mixture. ELticiency, im 1977, 1978 


ike 1a 79 
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unstable (e.g. 70M009002). In 1978, however, the genotypes 
Neepawa and Pitic 62 showed quite a different relative yield 
level than in any of the other years. This erratic behaviour 
also determined the performance of the mixtures containing 
these two genotypes, as illustrated by the ranking of the 
array means. The variable yields obtained from both 
monocultures and mixtures over the three years thus appear 


to relate to factors other than the change in location. 


8.3.3 Diallel analysis of variance 

As was discussed in Section 8.2, analysis of the data 
as a mixture diallel allows a more detailed interpretation 
of the results. 

Array means differed significantly in each of the three 
years (a<0.01)(Table 19). In the absence of interaction 
effects between the genotypes, this is a reflection of 
genotype differences in yielding ability. In the previous 
section it was shown, however, that in 1978, the differences 
among genotypes in monoculture were insignificant. A 
Significant array effect in this year, thus, suggests the 
occurrence of a significant interaction between genotypes in 
mixture in that year. 

The b1 effect, which contrasts mixture and monoculture 
Vinelasmmvasesilgniticant in) 1977 onlym(as0.05),. indicating 
that interaction between genotypes was present in that year 
SUScmmOmiyeinm lO 7JmwascsLhnesb2serhectusigniticant vas0.01)), 


indicating that the effects of genotype interaction on yield 
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The average array and specific effects of genotype on 


mixture yield, as determined by diallel analyses of 


; 1 
variance 


for each of the three test years, 


All plots were machine seeded, and harvested at maturity. 


SL LL 


ot) ee, 
Source of variation 





Year df Mean square 
Sea Replications 2 22021 
Arrays 6 100804** 
Mixtures vs monocultures il 60896* 
Average genotype interaction 6 Folg 
Specific genotype interaction 14 ‘13805 
Residual aye 10846 
1978 Replications is PSo450"> 
Arrays ih IYGGSoF * 
Mixtures vs monocultures 1 65.85 
Average genotype interactions 7 6901 
Specific genotype interaction 20 18877 
Residual 70 12336 
1979 Replications 2 3242 
Arrays fi 168180** 
Mixtures vs monocultures 1 14597 
Average genotype interaction te 27834** 
Specific genotype interaction 20 7501 
Residual 70 8682 





1 Oe significant, a%< 0.05; 


2 9sl Nis icant cee Uru. 


2. Sources of variation were partitioned according to the technique 
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differed among genotypes. 

Hay (1974) explained that, when the additions made by 
the interactions to the array values (mae enreen are 
correlated with the diagonal values (onseulle teas), es ne 
differences between the arrays will be inflated and the 
array mean square will be more likely to reveal interactions 
than the b2 mean square.' It can be noted, though, that this 
is only the case if the correlation is positive. In the 
present study, the correlation between monoculture yield and 
Specific Mixture Efficiency was insignificant in two of the 
three years, and significantly positive (a<0.01) in the 
third year (Table 17). Simmonds (1962), however, 
investigated the relationship between the difference between 
mixture yield and mean monoculture yield, and the mean 
monoculture yield of the components, and reported a negative 
corelation. Thus, a positive correlation cannot be 
considered to be a general rule. 

The b3 effect, which measures variation due to specific 
mixtures, waS not significant in any of the three years, 
Suggesting that no specific combination of genotypes 
performed exceptionally well or exceptionally poorly in any 


of the three years. 


8.3.4 Mixture efficiency 
The AME values for each of the genotypes in each of the 
three years show the ability of each genotype to perform in 


a mixture situation (Appendix 19). The values for GCA, which 
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Mevelyere: ect tnemrelative yield level of thevmixtures in 
the test, were computed for comparison. lisin: Gicseseanelee 
between the rank order for array mean yield Bh as GCA are 
due to the fact that monoculture yields are used twice in 
the computation of GCA and once in the computation of the 
array mean yield. 

Great variation existed from year to year among AME 
values of each genotype. In 1977, all genotypes had AME 
values greater than 1, suggesting a contribution to the 
mixture yield which is greater than expected from 
monoculture values. In 1978, however, less than half the 
genotypes seemed to perform better than expected in mixture. 

Correlation coefficients of AME with monoculture yield 
for the three years were insignificant (Table 20), and it 
can be concluded that no consistent relationship existed 
between monoculture yield and the ability to perform ina 


mixture. 


8.3.5 Regression of Won V 

The regression of the covariances (W) of the array 
values and monoculture values (diagonal values of the 
diallel table) on the array variances (V), provides 
information on the relative ability of the genotypes to 
dominate in mixture (Figure 3). Because the genotype 
Pitic 62 was eliminated from the 1977 tests, the values for 


thidtevyear are not directly comparable with the other years. 






















et | Coa a) 
a) i i } 7 
rie 


Wt 3@ Lovet iets wctaetes nity 


a . 


wie te ol Le pom tepryeoees) he ragga eae 


ms 
A sé by “Hak @ wt tenho Py | ta 7” 


dae 
ipa. 42hie (Retin flo 2eeg ett 08 ui 
bine. A450 Fe ws isesaquasa 
»CLsee ea. 
-~ — 

. ee ome P18 SPiLt saagn 


o? ay ionep-tnae 3o gee 
» > : 


oo 

40 0) ult Igntneip aenay f tt ; 
} 

- 

'! Jobte Giaep. sagt eae 
Lae tov woe ttooune 


i9¢ @ellriap po Beeese epqgzen 
ji‘sos tog Jase7900 eee 
zz 
: rer: Ou o4 nidoew wei4d gage 
siemo oy tate Sethe borage 


‘ic (afs bee BOLy estseuoorad Be 


1 & fo no tenn od 

vatus \W) wethel ive: a2 76) iota 

ed te ie List gauceth)! e¢nses sy02 Luagnew! Otte 

ai yey. inte Tey (sote ete ee 

To) ee vil d le ev togles wht 9 

7 i” ag iarae. wig ee we ist pad? anf 
en he ae 
pee eines. att. niyed, ames nS | a 


=u) \ 7" 


130 


Table 20. Simpic correlations (r) between monoculture yield 


and Average Mixture Efficiency’, in 1977, 1978 and 


1979. 

Vea r 
1977 -0.48 
1978 -0.05 
1979 OT Se 


iPemocerocet Lon. G.2 
2. Seven genotypes were used in 1977, eight in each of the 


years 1978 and 1979. 





131 


ERE Ney” 
Glenlea 
Park 
Neepawa 
70M110001 
70MO009002 ~ 
Norquay 

NB 701 


COI © er Clie COR tse 





Figenna-cy V-W regression lines, illustrating the relative ability of 
genotypes to dominate in a mixture, in the years 1977, 1978 
and 1979, V = variance of the array (mixture) values, W = 
covariance of the array values and the diagonal (monoculture) 


values. 
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As was already shown by the previous analyses, in 1978 
the behaviour of the mixtures was erratic. Although the 
Slopes of the regression lines in 1977 and 1979 were both 
close to one, the ranking of the genotypes according to 
their behaviour in mixture was quite different in each of 
the years. Glenlea, 70M009002, Neepawa and Park generally 
maintained their positions, while 70M110001, Norquay and 
NB701 Showed quite different behaviours in mixture in the 
Gwormvyears’. 

The V-W regression line shows along the x-axis the 
genotypes in order of their dominance in the mixtures. 
Correlation of the rank-order of dominance in mixture of the 
genotypes with their monoculture yields, resulted ina 
Spearman's rank-order correlation coefficient of 0.25 (n.s.) 
COG oman Omp take 499M (SiGneas0.001) efor sIS7O8(r1gure 3), 

It can thus be concluded that the ability to dominate 
in a mixture was highly variable from year to year and not 


consistently related to yield in monoculture. 


8.4 Discussion 

It has been suggested that the ability to perform well 
in a mixture is negatively correlated to yield in 
monoculture (Wiebe et al., 1961; Simmonds, 1962). The 
present study, however, did not support this theory. 
Significant differences existed in every year in the 


relative ability of the genotypes to dominate in mixture. No 
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relationship was found between the ability to dominate in 
mixture and monoculture yield in the same year. 

Baker (1977) reported variable results 2 ois Neepawa, 
Pitic 62, and a mixture of the two, and ascribed this to 
the fact that Pitic 62 was better able to compensate for 
poor survival after early drought conditions, when grown in 
pure culture than when grown in combination with Neepawa. 

DePauw et al. (1981) included the same genotypes in a 
study comparing yield at five locations over four years. 
They also found great variation in the performance of the 
genotype Pitic 62. They ascribed this to frost damage in the 
post-anthesis stage. In the present study, however, neither 
post-anthesis frost nor early drought occurred in any of the 
three years. 

It is probable that the different responses of the 
genotypes to the variable climatic conditions were 
responsible for the year to year variation. Identification 
of genotype-specific responses to the environment, however, 
would require a qualitative study of genotype-environment 
interactions. 

The results of this experiment do support the findings 
of those investigators who concluded that mixtures, on the 
average, yield more than the expected mean of the component 
monocultures (Table 14). This suggests that a positive 
interaction can occur between the components of a mixture, 
resulting in a more efficient use of available resources by 


one or both of the mixture components. Variation within and 
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between years, however, was so large that the yield 
advantage of mixtures over monocultures was statistically 
insignificant (Table 15). No specific binary mixture was 


identified which consistently gave a high yield advantage. 





9. Discussion of the Results with Respect to Single Plant 
Selection in Early Generations | 
Inefficiency of single plant selection ey one 
generations can be ascribed to two major sources of error: 
1. The amount of additive genetic variation present in the 
population is low, which makes it difficult to identify 
those genotypes which harbour the superior genetic 
material one wishes to select. 
2. Effects of genotype x environment interaction on plant 
growth can cause undesirable phenotypic variation. 
The relative magnitude of these factors is expressed by the 
heritability (H?) of a character, which is computed as 
follows: 
H? = Genetic variance / Total variance 
Estimates of heritability can be obtained in a variety 
of ways, and the outcome will vary with the experimental 
design used and the method of computation employed (Allard, 
1960; Falconer, 1960). Experiments with a large number of 
replications will reduce the environmental variance and, 
thus, give higher estimates for H*. However, single plant 
selections from early generations have to be made from 
unreplicated plots, and the improvement of the selected 
population over the parental population depends entirely on 
how accurately superior genotypes can be identified within 


those plots. 
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9.1 Effects of non-normal character distribution on single 
plant selection 


The expected gain from selection can be expressed as 


where k is the selection differential, which takes into 
account the mean and the variance of the parental 
population, the mean of the selected fraction, and the 
selection intensity; .. is the phenotypic standard 
deviation; and H? is the heritability of the observed 
character (Allard, 1960). This expression assumes a normal 
distribution of the units to be selected, whether they are 
mean values of characters of plants grown in rows or 
observations on single plants. Reports on non-normal 
distributions of several characters of various plant species 
were given by Koyama and Kira (1956) and by Harper (1977). 

The present study showed that the genotypes grown in 
binary mixtures with a range of associated genotypes at the 
3 cm spacing, showed significant deviations from normality 
for all characters, except the number of kernels per head 
and height of the flag leaf (Appendix 8). At the 9 cm 
Spacing, deviations from normality occurred for the number 
of tillers, the number of heads, kernels per plant, 1000 
kernel weight and harvest index. 

Deviations from normality will affect the accuracy with 
which genotypes can be distinguished, and will lead to gains 
from selection which are different than those expected based 


on the above formula. 





, 
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The effect which a positively skewed distribution would 
have on single plant selection is graphically illustrated in 
Figure 4a. If genotypes with a high value of A cep eaas 
character are to be selected, a positive skewness would 
increase the probability for less desirable genotypes to be 
present in the selected fraction. Similarly, a negative 
Skewness (or selection of plants with the lowest values for 
a certain character from a population with a positively 
skewed distribution) would result in a selected fraction 
with more desirable genotypes than would have been the case 
if the character had been normally distributed. 

Tomquantity thisveffect athe distribution of 
chi-square, which is a typical skewed distribution, can be 
conveniently used (Appendix 20). It has been shown, that the 
effect of skewness on single plant selection became much 
larger when the frequency of Superior genotypes in the 
population was low. (Dr. D. H. Kelker, Associate Professor 
of Statistics, University of Alberta, Edmonton, Alberta, 
1981, Personal communication). A positive skewness would, 
thus, result in gains from selection which are much lower 
than expected, based on eStimates of heritability. 
Similarly, a negative skewness would result in a higher than 
expected gain from selection, if the highest values from the 
population were selected. 

Considering these facts, Appendix 8 leads to the 
conclusion that response to selection at the 3 cm spacing 


would be less than expected for the number of tillers, the 
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tt NEGATIVE KURTOSIS 
3 
Fig. 4). The effect of skewness and kurtosis of the distribution of a 
plant character on single plant selection, G, - Gy represent 


genotypes in a mixture, with means at equal distances apart. 


a,» a, and az are the ranges of genotypes selected in 


populations with a normal distribution, a positive skewness, 
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number of heads, weight, yield and kernels per-plant, and 
greater than expected for 1000 kernel weight, harvest eee 
height and extrusion length, provided that chs BAI 
individuals were selected. | 

AS waS mentioned earlier, little can be said about the 
effect of a significant kurtosis in the presence of 
Skewness. In the absence of skewness, however, a positive 
kurtosis is likely to have an adverse effect on selection 
(Figure 4b), because the selected fraction would be 
contaminated with less desirable genotypes to a greater 
extent than would be the case if the character had been 
normally distributed. Similarly, better results can be 
expected with a negative kurtosis. 

At the 9 cm spacing, Selection for a large number of 
tillers or a large number of kernels per head could result 
in smaller than expected gains, while selection of plants 
with a high harvest index or large kernels could result ina 


higher than expected gain. 


9.2 Effects of genotype interaction on single plant 
selection 

The results from the experiment conducted in 1978 
suggest that within-genotype variation of several characters 
would be significantly increased by genotype interaction if 
the plants were grown in a multi-component mixture. At the 


the 3 cm spacing, the number of tillers, weight and yield 
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were affected by genotype interaction, while at the 9 cm 
spacing, 1000 kernel weight showed an increase in ee eee 
(Table 4). 

The effect of genotype interaction on estimates of 
heritability is shown in Tables 21a and 21b for the data 
from the experiment grown in 1978. Analyses of variance for 
each interplant spacing, using a random model (Steel and 
Torrie, 1980), provided the variance components which were 
used to estimate the values of H’? (Briggs et al, 1978). 
Differences between the two estimates suggest that genotype 
interaction can lead to higher estimates of heritability, in 
particular for the characters weight, yield asad kernels per 
plant. This observation supports the idea that H? is not 
allways a reliable predictor for the ease with which a 


character can be inproved through selection. 


9.3 Effects of interplant spacing on single plant selection 

The within-genotype variation for several characters of 
plants grown in monoculture increased significantly with an 
increase in spacing (Table 4). The mean variation of the 
four genotypes, when grown in mixture, increased 
significantly with the increase in spacing for all 
characters, except kernels per head and components of 
height. 

This suggests that identification of superior genotypes 


would be more successful at the 3 cm than at the 9 cm 
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Table Zla. Estimates of 7 tability of single plant characters, 
grown at a 3 cm interplant spacing, as computed from mono- 


culture and mixture data of four genotypes. 


All plants were grown in four-row plots in 1978. The 
data are from randomly selected plants, which had both 


neighbours present, and which were harvested at maturity. 


Chepacease Heritability 
Computed from Computed from 
monoculture data mixture data 
D On-7 Os 7 
H 0.66 0.20 
Wt 0.16 0.50 
6 OR 35 0.63 
KP 0.04 O55 
Kwt 0.91 0.94 
K/H 0270 0.83 
HI ORGS 0.63 
Fi 0.88 0.89 
Ht 0.83 O2583 
ExL 0.01 0.48 
HL 0.87 OR 0 


nce cs pn i tp en eli a i ce AS a a i a ea <r RIE 
Genetic variation 


ea LLY Total variation 


2. Character abbreviations defined in Table 1. HL = Head length. 
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Table 21b. Estimates of heritability of single plant characters, 
grown at a 9 cm interplant spacing as computed from ae 
culture and mixture data of four ene 
All plants were grown in four row plots in 1978, The 
data are from randomly selected plants, which had both 
neighbours present, and which were harvested at maturity. 

Chee Heritability 

Computed from Computed from 
monoculture data mixture data 
iF 0.0 0.0 
H 0.0 Why 
Wt 0.48 0.67 
Y 05.50 Ona 
K/P Or L9 0.45 
Kwt 0.98 0507] 
K/H Ord ORT, 
HI Oe Ons 
FL Ono O91 
Ht 0.74 On 
ExL Oe 15 O..87 
HL 0.87 0.94 





1. Heritability = 


Genetic variation 
TotalPvariation 


2. Character abbreviations defined in Table 1. HL = Head length. 
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spacing, because the genetic variance at the 3 cm spacing 
and at the the 9 cm spacing iS approximately the same, 
differing only by an amount representing genotype xX spacing 
interaction. 

Other studies led to different conclusions, however. In 
an earlier study concerning the same genotypes as were used 
in the present experiment, a decrease rather than an 
increase in variation with an increase in spacing was 
observed for most characters (Kelker and Briggs, 1978). The 
different results may be partially explained by the fact 
that in the present study, the difference between the two 
seeding rates was much larger than in the earlier study. In 
addition, the distance between rows was larger in the 
present experiment than in the previous study, resulting in 
a different spatial arrangement of the plants, which would 
cause different neighbour interactions (Harper, 1961; 
Donald, 1963). It is unlikely, though, that these factors 
can account for a complete reversal of the effect of an 
increase in spacing on plant-to-plant variation. 

Nass (1980) observed that, while biological yield and 
grain yield of plants from two spring wheat crosses 
responded each in a different manner to a ten-fold increase 
in plant spacing, harvest index of plants from both crosses 
was less variable at a higher (commercial) plant density. 
Nass recommended growing plants at commercial crop 
densities, if plants with high harvest index were to be 


selected. The commercial seeding rate for the humid Prince 
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Edward Island environment, however, is more than double the 
rate used in Alberta. 

The fact that different seeding rates as well as 
different planting patterns were used in the various 
Studies, makes it difficult to compare their results. It can 
be concluded, though, that an increase in plant spacing does 
not always result in an increase in plant-to-plant 
variation. The contrasting results from the two Alberta 
studies, concerning the same genotypes, suggest that 
location effects and year effects may play an important 
role. 

The present study showed that mean values of most 
characters were Significantly affected by spacing effects as 
well as by genotype x spacing interaction effects (Table 5). 
This could lead to different results from selection at 
different spacings (CIMMYT, 1972; Nass, 1980). For this 
reason, as well as to avoid a possible increase in 
variation, selection should be practiced at a density which 
approximates the commercial seeding rate of the region to 


which the selected genotypes have to be adapted. 


9.4 Effects of seed size on single plant selection 

The experiments performed to evaluate the effect of 
variation in initial seed size on plant-to-plant variation, 
suggested that variation in seed size can be an additional 


source of error in the identification of Superior genotypes. 
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The number of heads, the number of tillers and 1000 kernel 
weight appeared to vary with initial seed size, while 
harvest index and 1000 kernel weight were affected by 
variations in seed size among neighbouring plants. Thus, the 
use of uniform seed would reduce the plant-to-plant 
variation observed in the selection plots. 

This has earlier been suggested by Christian and Gray 
(1941) and by Chebib et al. (1973). However, the sorting of 
seed should aim for seed of medium size, to avoid selection 
for large kernelweight. The latter could be an undesirable 
Side effect, because the number of kernels per head and 1000 
kernel weight are negatively correlated (Fischer, 1975 
sJenner, 1979). Reports of studies investigating the effects 
of selection for increased kernel size on yield are 
contradictory (Bhatt and Derera, 1973; Rasmusson and 
Cannell, 1970), while the percent protein in the kernels 
tends to decline with an increase in kernel size (Robbelen, 
1979). The merits of seeding uniform seed would, therefore, 
have to be evaluated for each selection program in light of 


its breeding objectives. 


9.5 Suitability of various characters for single plant 
selection 

The formula for the calculation of heritability shows 
that the highest values will be obtained for characters 


which: 
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a show a large amount of additive genetic variation, and 

b are little affected by random environmental variation. 

The previous sections of this chapter explained that, in 

addition, the best chances for genetic improvement through 

selection exist for those characters which, in a segregating 

population grown at a commercial crop density: 

fe are little affected by variations in initial seed size, 

d are little affected by neighbour interactions arising 
from variations in seed size, 

e are little affected by genotype interactions, and 

£ have a distribution which is negatively skewed (if the 
lowest values are to be selected the skewness should be 
positive). 

For most characters, there are one or more factors by 
which selection is hindered. Estimates of heritability would 
encompass the factors mentioned in the points a, b, c and d. 
To what extent H? is biased through genotype interaction 
effects would depend on the method of calculation (Hamblin 
and Rosielle, 1978). The effects of non-normality are not 
accounted for. 

Because only homozygous genotypes were used in this 
study, there is only additive genetic variation, anda 
hypothetical mixture of these genotypes would be 
unrepresentative of a segregating population. But the 
characters measured in this study can be evaluated with 
respect to the remaining points which determine the 


Smeromenay Of SElecuicnweibathen appears that the characters 
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1000 kernel weight and harvest index did fullfill these 
requirements best (Tables 4, 5, 12d), and gains from | 
selection could be higher than suggested by ate Gana of 
heritability. Based on the data from this study, the number 
of tillers, the number of heads and yield can be expected to 
respond poorly to single plant selection, resulting in less 
genetic improvement than expected. Of the remaining 
characters, none had a distribution which would interfere 
with predictions of gain from selection. Genotype 
interaction, however, biased estimates of heritability for 
plant weight, yield and kernels per plant. 

It was explained that kernel weight is not always a 
reliable indicator of yield and may affect percent protein 
of the selected genotypes. Selection for high harvest index, 
as an indirect method for selection for yield, however, has 
shown promising results (Donald and Hamblin, 1976; Fischer 
and Kertesz, 1976; Bhatt, 1977). The present study gives 
Support to the observation that selection for high harvest 


index can result in high gains from selection (Bhatt, 1977). 


The results from the present study suggest, that, in 
order to evaluate the suitability of a character for 
selection in early generations, the distribution of this 
character in a multi-component mixture, as well as its 
sensitivity to genotype interaction, should be evaluated at 
a commercial plant density, in conjunction with the- 


estimation of its heritability. The combined information 
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could then lead to a more realistic expectation of the 


progress which can be made through selection. 
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Appendix 1. Mean monthly temperatures and precipitation near the 
testesites, = tor the rowing seasons of 1977, 1978 sand 


1979, and the long term averages. 


A. Edmonton 


—— eee rrr ee 





aaa Temperature (°C) Rainfall (mm) 
Long term Long term 
1977. 1979 average 1977 1979 average 
May 16 Si. Ne §) 134 38 37 
June 15)..6 teats) 14.7 11 63 73 
July 13 Osmeenlees 1S LO aL 22 83 
August [oe eloes 15.9 91 39 72 
September SP 38) 10-9 40 22 36 
Baeeellersilie 
Monee Temperature ( C) Rainfall (mm) | 
Long term Long term 
1978 average - LOS average 
May i UPas) HOR 59 47 
June 16.0 14.0 38 84 
July isis 16.0 114 85 
August 14.5 hss aU) 94 68 
September 12,0 1020 34 36 





1 Average of 99 years. Information obtained from the Annual Meteor- 
ological Summary for the Edmonton Municipal Airport, issued by 
Environment Canada, 1980. 


2 Average of 17 years. Information obtained from the Department of 
Geography, Division of Meteorology, 1980. 
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Appendix 2. Details regarding fertiliser and herbicide application to the 1977, 1978 and 1979 











locations. 
Fertiliser’ (kg/ha) Herbicide 
Location D 
N E K Trade name Growth stage Rate of application 

Edmonton 1977 14 34 0 BuctrilaM 3-5 leaf 237 m/ha 

Ellerslie 1978 14 34 0 Avadex Neate 13.6 kg/ha 
MCPA-K 3-5 leaf 237 ml/ha 
Banvel 3-5 leaf 44 ml/ha 

Edmonton 1979 Seo 14 0 Avadex N.A. 14.2 kg/ha 





1. Actual amounts N, P and K applied, derived from granular mono ammonium phosphate (NH KPO, ) ina 
broadcast application; applied two weeks before seeding and incorporated by disking. 
2. Active ingredients: 


Buctril M: 3,5-dibromo-4-hydroxybenzonitrile 


Avadex: S-(2,3,3-trichloroallyl) diisopropyl thiocarbamate 
MCPA-K: K-salt of 2-Methyl, 4-chlorophenoxyacetic acid 
Banvel: 2 methoxy-3,6-dichlorobenzoicacid 


oN. As = not-applicable. 
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Appendix 5. Number of plants available per treatment, from each density, 


for analysis of the wheelplot experiment, grown in 1977. 








Associate Plants per treatment 
Genotype Genotype 204} 124 69 44 28 17 10 
Glenlea Glenlea 11 14 13 13) es 13 8 
Neepawa 7 7 7 6 7 5 
70M110001 6 7 8 5 oe 6 
70M009002 a - 10 S) 5 - - 
NB 701 - a 7 %) - - - 
Park Park 6 14 12 1 15 13 15 
Neepawa - 3 6 - - - 
70M110001 iL 8 - - - - - 
70M009002 6 uy i, 8 i 6 7 
NB 701 6 vi V 9 vi a 6 
Neepawa Glenlea Wf 10 i 8 6 Z 
Park ~ iz 7 - - - - 
70M110001 6 - - - - - - 
Norquay ~ ~ - - 6 i - 
NB 701 i 6 6 9 if 6 
70M110001 70M110001 16 10 10 kal iz 8 9 
Glenlea 6 6 6 1 - = =) 
Park 8 6 - - - - 
Neepawa = - - = - - - 
NB 701 - - fi - - 5 
70M009002 Glenlea 5 i 6 5 5 6 5 
Park 7 6 6 - 6 8 7 
NB 701 6 9 6 fi 8 9 
Norquay Norquay - 6 6 7 - - 6 
Neepawa - = ~ - 8 7 6 
NB 701 9 6 - = - - 8 
NB 701 Gienlea - 6 6 5 - - - 
Park 8 6 - 5 6 7 § 
Neepawa 7 7 ef v§ tl 7 8 
70M110001 - - 5 6 - - ) 
70M009002 5 5 6 8 5 5 fi 
Norquay S) 8 = = = ) - 


: 2 
1. Plant density (plants/m ) 


2. Less than five plants available 
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Appendix 6. Descriptive statistics of characters of plants, grown in 
monoculture and in mixture at various interplant spacings, 


measured at maturity in 1977. 
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APPENDIX 6 


CRITERION VARIABLE HT 


VARIABLE 


SPAC 
COMP 


SPAC 
COMP 
COMP 


CUL 
SPAC 
COMP 


SPAC 
cOomP 


sPac 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


CUL 
SPAC 
COMP 


SPAC 
COMP 


APPENDIX 6 


CRITERION VARIABLE HT 


VARIABLE 


COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 
COMP 


CUL 
SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


CODE 


CODE 


on 


VALUE LABEL 


17 PLANTS M 
MONOCULTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOO0S002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


8 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MONOCULTURE 


VALUE LABEL 
MIXTURE 


8S CM SPACING 
MONOCULTURE 


44 PLANTS M 
MONOCULTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


NB701 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


9 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


ihge Vetoes iu) 
MIXTURE 


565. 
565. 


1423. 
660 
763" 


0194 
1486 
1486. 


aes 
1728 


1447 
1447. 


$89g 
989. 


1314 
1314 


1660. 
1660. 


1570. 
1570 


$371 
733 
733 


953 
473 


480. 


440. 
440. 


S51 
SiS 


666 
666 


1141 
1141 


837 
449 
438. 


$286 
2762 
Zee: 


3530. 
3530. 


26220 
2622 


3286. 
3286. 


1896. 
1896. 


2381. 
2381 


SUM 


0000 
0000 


9000 


.9000 


oo00 


.0000 
-0©000 


e000 


fof oKeze) 


-0000 


0000 


0000 


- 0000 


0000 


. 9000 
.0000 


©0000 
0000 


oo000 


»0000 


0000 
0000 
0000 


.09000 
- 0000 


SUM 


©0000 


o°000 
0000 


.0000 
.9000 


.0000 
. 0000 


,O000 


o000 


o000 
0000 
O000 


-9000 
.0000 


0000 


0000 
e000 


0000 


. 0000 


0000 
Q000 


0000 
0000 


o000 


,0000 


70 


74 
73 


reat) 


UNS 6 
785 


80 
60 


62. 
82. 


73 
73 


TS). 
ysis 


74 


WG 
4446 
4444 


81 
81 


79 
78 


03/16/82 


MEAN 


.6250 
70. 


6250 


.8947 
.3333 
7.6), 


3000 


-8168 
82. 
82. 


5556 
S556 


5455 
5455 


. 3889s 
. 3889 


4167 
4167 


-9000 
.-0000 


4545 
4545 


-7619 
74. 


7619 


8406 


-4167 
-8333 


03/16/82 


MEAN 


.0000 


+ Efistigie! 
5 SHES 


-7143 
.7143 


. 2500 
. 2500 


.O667 
.O6B7 


yea ye 
Saga 
. 0000 


.3989 
- 4800 
. 4800 


AeA 
vente S 


. 2500 
. 2500 


0000 
- 0000 


. 3333 
3333 


2083 
. 2083 


STD DEV 


-2405 
-2405 


PD 


Siete 
2.5000 
1.1061 


6.2935 
1.09397 
1.0997 


7.0287 
7.0287 


Paes 
Tf 3 227 t)73 


6.8159 
€.8159 


S$.4772 
5.4772 


6.7944 
6.7944 


7.2450 
7.2450 


6.4160 
2.7889 
2.7889 


3.3428 
3.2506 


STD DEV 
a}, (VRS 


5.2403 
5.2409 


oo WSC 
7.1581 


LSP 76 
ig Pa: Sar fg AT) 


Se ais 
5.2436 


.3788 
.6560 
pail als) 


own 


8.4159 
7.47268 
in Qiteeie 


9.5830 
9. 5830 


6.2780 
6.2780 


fs ESE) 
7. TS 89 


6.9452 
6.9452 


10.6648 
10,6648 


VARIANCE 


-$3821 
-9821 


- 7661 
. 2500 
3444 


- 7816 
- 2026 
- 2026 


- 4026 
- 4026 


.9575 
9575 


marsha, 
oath ey 


.0000 
0000 


.1645 
.-1645 


-4905 
-4905 


.1654 
Shane} 
a aR 


1742 


©.S667 


VARIANCE 


13. 


° 
Pp 


48 
48 


2000 


.4667 
-4667 


ese 
.2381 


-6429 
.6429 


.4952 
-4952 


.4470 
et tf 


4000 


6587 


-8433 
8433 


.8347 
-8347 


ne PaKey 
4130 


. 2000 
. 2000 


23513 


5 ACES} 


Shen et 
SVs tS 
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APPENDIX 6 


CRITERION VARIABLE HT 


VARIABLE CODE 
SPAC ths 
COMP 740 
TOTAL CASES = 1080 
MISSING CASES = 31 OR 


APPENDIX 6 


FILE WP77 


CRITERION VARIABLE [ale 


BROKEN DOWN BY CUL 
BY SPAC 
BY comp 
VARIABLE CODE 


FOR ENTIRE POPULATION 


CUL 2 
SPAC it: 
COMP ae 
COMP 2 
SPAC we 
COMP ibe 
COMP Zo 
SPAC =H 
COMP Nive 
COMP eA 
SPAC 4. 
COMP We 
COMP 2 
SPAC Eee 
COMP TNS 
COMP 20 
SPAC 6. 
Comp Ws 
COMP 2. 
SPAC he 


COMP Hs 


I) 12 oe fe. AR 


VALUE LABEL SUM 


10 PLANTS M 
MIXTURE 


2811.0000 
2811.0000 


Me) Deis 


(CREATION DATE = 03/16/82) 


eS Le On nN Cr 


03/16/82 


MEAN 


§6.9310 
96.9310 


03/16/82 


HEIGHT OF THE FLAG LEAF BLADE CM 


CULTIVAR 
INTER-PLANT SPACING 
TREATMENT 
VALUE LABEL SUM 
327001,0000 
GLENLEA 7161,0000 
204 PLANTS M 933.0000 
MONOCULTURE 433.9000 
MIXTURE 500.0000 
3 CM SPACING 1400.,0000 
MONOCULTURE 540.0000 
MIXTURE 860.0000 
9 CM SPACING 1363 .0000 
MONOCULTURE 531.0000 
MIXTURE 832.0000 


44 PLANTS M 148.0000 


MONOCULTURE 515.0000 
MIXTURE 633.0000 
28 PLANTS M 807.0000 
MONOCULTURE 537.0000 
MIXTURE 210.0000 
17 PLANTS M 778.0000 
MONOCULTURE 501,0000 
MIXTURE 277.0000 
10 PLANTS M 732.0000 
MONOCULTURE 307.0000 


35.3063 


39.3462 
38.8750 
393.3636 
38.4615 


40.0000 
38.5714 
40.9524 


38.9429 
40.8462 
37.8182 


393.5862 
39.6154 
39.5625 


40.3500 
39.8000 
42.0000 


38.9000 
38.5385 
39.5714 


38,5263 
38.3750 


STD DEV 


6.0234 
6.0234 


SU Bie be On Fe U es eer An stay er OusiN ais: Cet 


VARIANCE 


36.2808 
36.2808 


VARIANCE 


61,1086 


41.1668 
16,2880 
14.2545 
Tena so So 


20,0000 
25.3407 
15.1476 


82.5261 
94.4744 
USS ted, 


Se) wtteeeay/ 
88.0897 
25.8292 


63.1868 
74.3143 
35.5000 


27.4632 
28.6026 
Zoi oe 


20.3743 
27.6964 
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APPENDIX 6 


03/16/82 PAGE 2 
CRITERION VARIABLE FL . 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
comp 20 MIXTURE 425.0000 38.6364 4.1838 17.2545 ( 11) 
CUL 3 PARK 8503 .0000 41.1063 5.2035 27.0760 ( 207) 
SPAC ile 204 PLANTS M £88 .0000 38.9600 6.3342 40.1233 ( 25) 
COMP Ws MONOCULTURE 256.0000 42.6667 3.5024 12.2667 ( 6) 
comP 20 MIXTURE 743.0000 38.1053 6.8667 46.8772 ( 19) 
SPaAC 25 3 CM SPACING 1687,0000 41.3902 5.2148 27.1839 ( 41) 
COMP the MONOCULTURE 604.0000 43.1429 4.9582 24.5934 ( 14) 
comp 25 MIXTURE 1083.0000 40.4815 5.1988 27.0285 ( 27) 
SPAC 35 9 CM SPACING 1316 .0000 41.1250 5.4875 30.1129 ( 32) 
comp Ve MONOCULTURE 520.0000 43.3333 2.2697 5.1515 ( 12) 
comp 2 MIXTURE 736.0000 38.8000 6.4204. 2 ea ( 20) 
SPAC 4. 44 PLANTS M 1177.0000 42.0357 6.1792 38.1838 ( 8) 
comp the MONOCULTURE 488 0000 44.3636 3.8800 15.0545 ( 11) 
COMF on MIXTURE 688 0000 40.5294 6.2821 48.8897 ( 7) 
SPAC 5. 28 PLANTS M 1261.0000 43.4826 3.8245 15.4015 ( 29) 
COMP ee MONOCULTURE 650.0000 OS REI 3.8666 14.9524 ( 15) 
comp 2 MIXTURE 611.0000 43.6425 4.1251 17.0165 ( 14) 
SPAC 6. 17 PLANTS M 1051,0000 40.4231 3.9311 15.4538 ( 26) 
COMP i MONOCULTURE 532.0000 40.9231 4.2517 18.0769 ( 13) 
COMP 2 MIXTURE 518.0000 32.9231 3.6847 13.5768 ( 13) 
SPAC cae 10 PLANTS M 1008 0000 38.7692 32.8284 14.6646 ( 26) 
COMP nas MONOCULTURE 512.0000 39.3846 4.7878 22.8231 ( 13) 
comp 2 MIXTURE 486.0000 38.1538 2.6082 6.8077 ( 13) 
CUL rs 7OM008002 4471.0000 34.1298 5.6465 31.8830 ( 131) 
SPAC the 204 PLANTS M 685.0000 34.7500 8.0320 64.5132 ( 20) 
come on MIXTURE 695.0000 34.7500 8.0320 64.5132 ( 20) 
SPAC 2 32 CM SPACING 782.0000 34.0000 4.7863 22.9091 ( 23) 
comP 2) MIXTURE 782.0000 324.0000 4.7863 22.9081 ( 23) 
APPENDIX € 03/16/82 PAGE 10 
CRITERION VARIABLE FL 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
SPAC 3 S CM SPACING 710.0000 35.5000 6.3618 40.8737 ( 20) 
COMP on MIXTURE 710.0000 35.5000 ee cens 40.4737 ( 20) 
SPAC 4. 44 PLANTS M 555.0000 32.6471 6.6739 87.2426 ( 17) 
COMP 2 MIXTURE 5£5.0000 32.6471 6.8733 47.2426 ( 17) 
SPAC 5 2& PLANTS M 643.0000 33.8421 6.4003 19.3626 ( 139) 
COMP 2 MIXTURE 643.0000 33.8421 4.4003 19.3626 ( 8) 
SPAC Bo 17 PLANTS M 665.0000 33.2500 3.6668 13.4605 ( 20) 
COMP an MIXTURE 665.0000 33.2500 3.6689 13 4605 ( 20) 
SPAC 7 10 PLANTS M 421.0000 325.0833 3.9877 15.9015 ( 12) 
COMP 2 MIXTURE 421.0000 35.0833 3.9877 15.8015 ( 12) 
CUL 5 NOROUAY 4486 .0000 30.8278 5.2005 27.0447 ( 145) 
SPAC ie 204 PLANTS M 1085 .0000 31.0000 4.2250 18.7058 ( 35) 
come Je MONOCULTURE 508.0000 aes 3.2087 10.2858 ( 16) 
comp 2 MIXTURE 576.0000 30.3158 5.0668 25.6725 ( 19) 
SPAC 2 3 CM SPACING 648 0000 28.4545 6.6814 84.6407 ( 22) 
comp 1 MONOCULTURE 308 0000 30.8000 3.8238 14.6222 ( 10) 
come 2), MIXTURE 340.0000 28.2333 8.3811 70.2424 ( 12) 
SPAC 30 9 CM SPACING 728.0000 31.6522 4.0367 16.7826 ( 23) 
come CT MONOCULTURE 314.0000 31.4000 4.3256 Vee nA ( 10) 
COMP 2 MIXTURE 414.0000 31.8462 4.07393 16.6410 ( 13) 
SPAC ae 44 PLANTS M BOE .0000 31.0000 7.0937 50.3200 ( 26) 
COMP £5 MONOCULTURE 317.0000 31,7000 3.5282 12.4556 ( 10) 
COMP oh, MIXTURE 485.0000 30.5625 8.7098 75.8625 ( 16) 
SPAC 5 28 PLANTS M 358.0000 28.8333 4.6482 21.6061 ( 1121) 
COMP Aes MONOCULTURE 358.0000 26. 6333 4.6482 21.6061 ( 12) 





APPENDIX 6 


CRITERION VARIABLE FL 


VARIABLE 


SPAC 
Come 


SPAC 
comp 
compe 


CUL 
SPAC 
come 


SPAC 
comp 


spac 
comp 


SPAC 
comp 


spac 
cCOmMP 


SPAC 
COMP 


sPACc 
comp 


CuL 
spac 
comp 


spac 
Comp 


APPENDIX 6 


CRITERION VARIABLE FL 


VARIABLE 


Comp 


SPAC 
COMP 


SPAC 
Comp 


SPAC 
COmMP 


SPAC 
comp 


SPAT 
COMP 
COMP 


CUL 
SPAC 
COMP 


spac 
comp 


SPAC 
COMP 


SPAT 
COMP 


SPAC 
COMP 


SPAC 
COMP 


CODE 


Na-~4 


n=-o0 


CODE 


VALUE LABEL 


17 PLANTS M 
MONOCULTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


7OMOOS002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


8S CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


26 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MONOCULTURE 


VALUE LABEL 
MIXTURE 


S CM SPACING 
MONOCULTURE 


44 PLANTS M 
MONOCULTURE 


2& PLANTS M 
MIXTURE 


17? PLANTS M 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


NB701 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


9 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


26 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


259 
2593 


602 
285 
317 
34093 
511 
511 


533 
593 


48é& 
488 


304 
304 


44s 
445 


566 
S66 


$02 
502 


1953 


271 


341 
162 


179 


182 
182 


192 
182 


255 
255 


SOE 
SOE 


334 
171 
163 


7012 
$13 
$13 


1207 
1207 


961 


W222 


1222 


Wane 
712 


soo. 
.0000 


900 


SUM 


.0000 
-0000 


-0000 
. 0000 
.0000 


-0000 
0000 
0000 


0000 
.©000 


.-0000 
.0©000 


9000 
. 0000 


, 0000 
-0000 


-0000 
-0000 


-0000 
- 9000 


.-0000 
PAPE 
-0000 


ooo°o 


-0000 
.0000 


SUM 


0000 


. 0000 


e000 


©0000 
cooo 


-©000 


oo00 


oo0°0 
oooco 


loRezeze} 


.0000 
.0000 


0000 


.©000 
.9000 


coo0°0 


.0000 


.0000 
S61. 


oo00 


oo0°0 
0000 


0000 


.-0000 


0000 


03/16/82 

MEAN STD DEV 
32.3750 4.4701 
32.3750 4.4701 
31.6842 3.4489 
31.6667 1.8028 
31.7000 4.5717 
26.0229 §.3125 
28.3889 5.1465 
28.3889 5.1465 
26.9545 4.6953 
26.9545 4.6953- 
Pirie ted 7.9623 
eR hts Lie) 7.9623 
25.3333 6.3580 
25.3333 6.3580 
24.7222 3.3821 
24.7222 3.3821 
HS ele date} 4.0022 
acre 4.0022 
23.8048 4.6250 
23.9048 4.6250 
28.304 4.58900 
30-9113 6.8507 
30.111 6.4507 
28.4167 Lan Ar A) 
27.0000 2.4485 

03/16/82 

MEAN STD DEV 
28.8333 6.3402 
25 3353 3.82397 
PN) EME) 3.829 7 
27.4286 2.1492 
27.4286 2.1492 
31.8750 4.0861 
31.8750 4.0861 
27.2000 3.7264 
27.2000 3.7264 
Ho) te hele)} 4.0639 
26.5000 3.86341 
2 Teal Blond, 4.5350 
eee P MVE) 6.8731 
36.5200 5.0784 
36.5200 §.0754 
377 718s 5.0176 
Silene 5.0176 
40.0417 4.2781 
40.0817 4.2761 
39.4194 Wee SAS 
38.4194 rs EA 
a8), 55.56 5.4796 
oasis §.4796 
37.5000 6.8588 
37.5000 6.8S6&8& 


VARIANCE 


19. 
18. 


$821 
$821 


- 8947 
. 2500 
- $000 


.2225 
- 4869 
- 4868 


.O485 
-O4sS5 


.3887 
.3887 


4242 
-4242 


. 5065 
. 5065 


0173 
0173 


. 38058 
-3905 


0678 
metus 
aa Ue LU 


- 8106 
0000 


VARIANCE 


48. 


1667 


-6667 
ob) O10) 


61390 
61390 


-6964 


6s64 


.88S7 
- 8857 


5152 


. 7000 


S667 


aot 
. 7600 


7600 


a hits 
.1764 


~ 3025 
.3025 


.3183 
.3183 


.0261 


O261 


.0435 


0435 


PAGE 


PAGE 


183 
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APPENDIX 6 


CRITERION VARIABLE FL 
VARIABLE CODE 
spac "5 
comp me 
TOTAL CASES = 1080 
MISSING CASES & 32 OR 
APPENDIX 6 
1h BY 5 WwP77 (CREATION 
[acces eS De Ess 
CRITERION VARIABLE H 
BROKEN DOWN BY CuL 
By spac 
BY compe 
VARIABLE CODE 
FOR ENTIRE POPULATION 
CuL at 
SPAC 1 
COMP We 
COMP C3 
SPAC 2 
COMP lke 
COMP es 
SPAC chs 
COMP us 
compe eats 
SPAC 4. 
COMP ts 
cCOmP 2 
SPAC 5S. 
COMP es 
COMP ce 
SPAC 6. 
COMP Vs 
COMP rae 
SPAC he 


COMP 


DATE = 


VALUE LABEL SUM 


10 PLANTS M 1097 .0000 


MIXTURE 1087 .0000 
efotey [isis 
03/16/82) 
Ter et Te O7N DOF 
HEADS PER PLANT 
CULTIVAR 


INTER-PLANT SPACING 
TREATMENT 


VOLUE LABEL SUM 

7621.0000 
GLENLEA 1600,.0000 
204 PLANTS M 94.0000 
MONOCULTURE 44.0000 
MIXTURE 50.0000 
3 CM SPACING 151.0000 
MONOCULTURE S$&.0000 
MIXTURE §3.0000 
Ss CM SPACING 192.0000 
MONOCULTURE 6& .0000 
MIXTURE 124.0000 
44 PLANTS M 3 0000 
MONOCULTURE 111.0000 
MIXTURE 127.0000 
28 PLANTS M 240.0000 
MONOCULTURE 158.0000 
MIXTURE 82.0000 
17 PLANTS M 290 ,0000 
MONOCULTURE 202.0000 
MIXTURE 8& 0000 
10 PLANTS M 3285 0000 
MONOCULTURE 161.0000 


37 
37 


SUP Ss eos rau 


03/16/82 

MEAN STD DEV 
.8276 4.2851 
8276 4.2851 

03/16/82 
Dea te OnNEs =e 
MEAN STD DEV 
. 29968 5 0084 
8396 6.7422 
9167 1.799 
0000 1.7889 
8462 1.8640 
4412 1.3968 
4615 1.3914 
4286 1.4343 
4857 1.8210 
2308 1.5892 
6364 1.9651 
2069 2.2580 
5385 1.7614 
9375 2.6196 
0000 5.6008 
5232 4.3403 
4000 7.1274 
5000 6.1000 
5385 5.0599 
5714 7.7628 
7895 8.4563 
1250 Salamis 


VARIANCE 


18.3621 
16.3621 


VARIANCE 


25.0845 


4s75 
PNK 
2000 
4744 


WVuW 


1.89510 
1.9355 
7S RS A 


3.3160 
2.5256 
3.8615 


§.0sé8é5 
3.1026 
Smeo zs 


31.3684 
18.8381 
50.8000 


37.2105 
25.6026 
§$.9524 


71.5086 
26.1250 





APPENDIX 6 


CRITERION VARIABLE H 


VARIABLE 
cOomP 


CUL 
SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
comp 


spac 
COMP 
COMP 


sPac 
COMP 
comp 


spac 
COMP 
comp 


SPAC 
comp 
comp 


CUL 
SPAC 
comp 


sPac 
comp 


APPENDIX 6 


CRITERION VARIABLE H 


VARIABLE 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
comp 


SPAC 
COMP 


CuL 
SPAC 
comp 
come 


SPAC 
cOomP 
cOomMP 


SPAC 
comp 
comp 


SPAC 
cOmMP 
COMP 


SPAC 
comp 


N-— Or N= N-W 


noo 


CODE 


VALUE LABEL 


MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


8 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOS8002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


s CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


2&8 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


$ CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


234 


1337 
102 
24 
78 


196 
78. 
120 


173 
74 
105 


190. 
75 
115 


244 
121 
123 


223. 
108 
115 


201 
83. 
1176. 


$08 
6s 
65 


sé 
sé 


128. 
126 


101 
101 


ViGi2w 
162 


1858, 
185. 


149 
14¢ 


Sia 
134 
63 
wie) 


106 
S6 
s0. 


104 
43. 
61. 


200. 
&&. 
ee? 


60. 
80 


SUM 


0000 


. 0000 
.0000 
. 0000 
.-0000 


.-0000 


©0000 


-0000 


- 0000 
0000 
.0000 


e000 


0000 
-0©000 


- 0000 
.- 0000 
.- 0000 


e000 


.- ©0000 
. 0000 


. 0000 


©0000 
0000 


.©000 
-0000 


0000 


. 0000 
0000 


SUM 


0000 
oo000 


,0000 


©o0o0 


©0000 
e000 


ooo0o0 
0000 


0000 
0000 


.- 0000 
0000 
- 0000 
. 0000 


0000 
.-0000 


0000 


.0000 


oo00 
o000 


oo00 
0000 


.0000 


e000 


.0000 


Pon 


03/16/82 


MEAN 


Acree teh 


-4803 
.©800 
0000 
.1083 


. $500 
.0000 
4446 


-5938 
- 1667 
+2500 


-7857 
-8182 
. 7647 


4138 
-O667 
- 7857 


-5769 
-3077 
- 8462 


. 7308 
3846 
-O768 


.$313 
- 2500 
. 2500 


. 2609 
. 2609 


03/16/82 


MEAN 


4000 


4000 


9412 
9412 


-5263 
-§263 


6 FAKK) 
- 2500 


4167 


.4167 


Sie eonl Ler 
.8286 


$375 


7368 


.O476 
6000 


S4s5 


Sr ta lie? 
.- 3000 


6922 


4074 
.0000 
.-0000 


6667 
6667 


STD DEV 


ROR 


4794 


-3868 
. 7089 
-8274 
-€962 


. 3853 
-2247 
- 6506 


Zio Ocha, 


- 


NNW 


. 83380 
Yo NS a 


-6854 
- $603 
-5867 


.1132 
-4631 
-6723 


. 1705 
.3263 
.668S 


.O255 
-1541 
-5464 


0004 
.1491 
.1491 


.8638 
.-8639 


STO DEV 


4366 
4366 


-§$834 


$&34 


4700 


.4700 


S964 
S864 


ZR AE) 
.2589 


5743 
o791 
18615 
6424 


-8021 


0111 


5076 


.5336 
.888E 
. 2506 


ésg0 


.S665 
8048 


5760 
5760 


VARIANCE 


108 


1 


Pu D> u-w NWN = 


oo ~~ 


»8182 


-4706 
.$100 
. 6000 
.8772 


.6897 
. 5000 
.O256 


.44625 
-6061 
-8288 


-2116 
. 7636 
-6812 


.4655 
-O667 
. 7967 


- 7336 
-0641 


4.4744 


. 2046 
2564 
-5769 


.0023 
-6184 
-6184 


.4743 
-4743 


VARIANCE 


$368 
-9368 


$338 
$338 


0409 
.0409 


-9342 
$342 


1742 
-1742 


.$240 
Saat 
39°56 
9825 


2476 
oaag 
moe aed 


a> 18 
.-5667 
.5641 


1738 
. 8000 
. 8667 


rv Citas) 
1873 


PAGE 


= 


a 


7 
* 
’ 
4 
i | 
> 
om 
wa 
s 


ai 
44 
6 
Se 
4 
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APPENDIX 6 
CRITERION VARIABLE H 
VARIABLE 
SPAC 
come 
SPAC 
comP 
COMP 
CUL 
spac 
COMP 


SPAC 
comp 


spac 
comp 


SPAC 
COMP 


SPAC 
compe 


SPAC 
cOomP 


spac 
comp 


CUuL 
SPAC 
COMP 


SPAC 
comp 


APPENDIX 6 
CRITERION VARIABLE H 
VARIABLE 

COMP 


SPAC 
comp 


SPAC 
COMP 


SPAC 
cOmP 


SPAC 
COMP 


SPAC 
comp 
comp 


CUL 
SPAT 
COMP 


sPac 
COMP 


SPac 
Comp 


SPAC 
Comp 


SPAC 
COMP 


SPAC 
comp 


CODE 


—-o 


N-~4 


n-~4 


n 


VALUE LABEL 


17 PLANTS M 
MONOCULTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOS002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


Ss CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NOROQUAY 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MONOCULTURE 


VALUE LABEL 
MIXTURE 


S CM SPACING 
MONOCULTURE 


44 PLANTS M 
MONOCULTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


NB701 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


Ss CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


6s 
6s 


228 
102 
126 


&86 


SUM 


-©000 
- 0000 


,©000 
- 0000 
,- 0000 


.0000 
- ©0000 
- 0000 


.©000 
. 0000 


.-0000 
. 0000 


9000 
-0000 


128.9000 


32 


21 
31 


54 
5a 


$3 
$3 


174 
174 


136 
iad 
64 


375 
104 
104 


133 
133 


131 
131 


208. 
0000 


206 


is9 
198 


29.5 5 
255), 


.- 0000 


0000 
- 0000 


0000 
.0000 


. ©0900 
. 0000 
.©000 


- 0000 
. 0000 


SUM 


- 0000 


.- 0000 
. 0000 


.0000 


ooo00 


ooo0o0 
oo0oo 


oo0°0 
0000 


oo000 


. 0000 
.- 0000 


0000 


.0000 
.0©000 


. 0000 
.0000 


. 0000 
- 0000 


0000 


. 0000 
. 0000 


o000 
0000 


03/16/82 

MEAN STD DEV 
8.6250 6.5670 
8.6250 6.5670 
2.0000 7.7460 
imseacs 6.0000 
2.6000 8.3357 
6.7634 4.9018 
3.3889 1.2897 
3.3888 1.2897 
S272 1.4778 
3077127 1.4778 _ 
4.6667 2.0864 
4.6667 2.0864 
6.6667 2.3486 
6.6667 2.3486 
Seat 3.3279 
6.6111 3.3279 
$.454as 4.5327 
$.4545 4.5327 
1.8524 7.3788 
1.9524 7.3788 
&.5507 5.7842 
4.4446 ©.8818 
4.4444 ©.8818 
S.1667 1.9924 
5.0000 2.5288 

03/16/82 

MEAN STD DEV 
$3333 1.5055 
S667; 2.6394 
Seon, 2.6394 
ig wea 2.6904 
BP TACT) 2.6904 
1.6250 3.4200 
1.6250 3.4200 
1.6000 7.0690 
1.6000 7.0690 
1.3333 7.94668 
2.0000 Se Giniz> 
0.6667 6.7423 
7.6186 4.8652 
4.1600 1.2477 
4.1600 eset! 
4.2903 ip Oitoare 
4.2903 Pal ek? 
§.4583 2.0212 
5.4563 2.0212 
6.7097 Fh Sls haf 3 
6.7097 Retin Pie 
T0556 2.8995 
1.0586 2. S.gi9'S 
1.0870 5.4348 
1.0870 5 4346 


VARIANCE 


43 


43. 


60. 


36 


87. 


-1250 
1250 


0000 
0000 
1556 


-0282 
-6634 
-6634 


- 1840 
- 1840 


- 3528 
.3528 


-5152 
.5152 


.O752 
.O752 


.S455 
.5455 


.8a7s 
4476 


.4569 
ate 
ao ae: 


- 8697 
- 4000 


VARIANCE 


Zo 


29 


2667 


~9'6'6)7. 
8667 


~23814 
-2381 


6364 
6S64 


714 
9714 


VSS: 
4000 
4667 


6705 
,5567 
-5567 


-8129 
8129 


.0851 
08651 


.6796 
679E 


9967 
$967 


S375 
§375 


PAGE 


PAGE 
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APPENDIX 6 


CRITERION VARIABLE H 
VARIABLE CODE VALUE LABEL SUM 
SPAC 3 10 PLANTS 348.0000 
comp 2m MIXTURE 343.0000 
TOTAL CASES = 1080 
MISSING CASES = 36 OR 323 Pen: 
APPENDIX 6 
FILE  WwP77 (CREATION DATE = 03/16/82) 
Seite Seite Lo. = G48 Co ts 2 Oat OF 
CRITERION VARIABLE T TILLERS PER PLANT 
BROKEN DOWN BY CUL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY COMP TREATMENT 
VARIABLE CODE VALUE LABEL SUM 


FOR ENTIRE POPULATION 


CUL 
SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAT 
cOomP 
COMP 


SPAC 
cCOomMP 
COMP 


SPAC 
Comp 
cOmP 


SPAC 
COMP 
COMP 


SPAC 
COMP 


No--=N 


N+ 5D 


10255 0000 


GLENLEA 2072 0000 
204 PLANTS M 123 ,0000 
MONOCULTURE 54.0000 
MIXTURE 63.0000 
3 CM SPACING 186 0000 
MONOCULTURE 67.0000 
MIXTURE 119.0000 
Ss CM SPACING 24S 0000 
MONOCULTURE 80.0000 
MIXTURE 169.0000 
44 PLANTS M 320.0000 
MONOCULTURE 135 ,0000 
MIXTURE 185.0000 
28 PLANTS M 288.0000 
MONOCULTURE 191.0000 
MIXTURE 108.0000 
it) BEANT Ss) M 3798 .0000 
MONOCULTURE 247.0000 
MIXTURE 132,0000 
10 PLANTS M 516.0000 
MONOCULTURE 195.0000 


03/16/82 


MEAN 


12.0345 
12.0345 


Sus Bar SO ira U 


wpa 


03/16/82 


STD DEV 


6.4834 
6.4834 


Pee Ata) tO mNano tah D 


STD DEV 


6.2432 


ears hs) 
Cinta tae 
8794 
4006 


law Wo 


2.02593 
1.8472 
2.1055 


2.6983 
1.6756 
3.0455 


3.3433 
1.93807 
4.1307 


6.2448 
4.8766 
§.3196 


$.0833 
4.35893 
6.6189 


ep fest} 
Buca S 7, 


187 


PAGE 19 

VARIANCE N 
42.0345 ( 23s) 
42.0345 ( 23) 
PAGE 20 

VARIANCE N 
3é&. 9774 { 1049) 
rh heats) ( hese) 
So. 6793 ( 24) 
6.2909 ( 11) 
tal, Sie ( 13) 
4.1042 ( Sina} 
3.4121 ( 14) 
4.4333 ( 23) 
Wee OW ( 35) 
2.8077 ( ei) 
S243 \ 22) 
TP eer tech ( aoe 
3)... 9231 ( Tse) 
17.0625 ( 16) 
38.9974 ( 20) 
2 Sitio nO ( 4S} 
28.3000 ( 5) 
25.8395 ( 20) 
18.0000 ( 13) 
43.8095 ( 7) 
69.6959 ( 19) 
40.2673 ( 8) 





188 


APPENDIX 6 


03/16/82 . PAGE 21 
CRITERION VARIABLE T ; 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
comp 2. MIXTURE 321.0000 29.1818 8.2803 68.5636 ( 11) 
CUL ar PARK 1845 .0000 8.9130 4.5786 20.8633 ( 207) 
SPAC 12 204 PLANTS M 134.0000 5.3600 2.2338 4.9900 ( 25) 
comp lo MONOCULTURE 33.0000 5.5000 1.8708 3.5000 ( 6) 
come 26 MIXTURE 101.0000 5.3158 2.3817 5.6725 ( 19) 
SPAC 2 3 CM SPACING 262.0000 6.5610 3.1547 §$.9524 ( 41) 
COMP 4; MONOCULTURE 114.0000 8.1429 2.0081 8.0549 ( 14) 
comp 25 MIXTURE 155.0000 5.7407 2.8560 8.7378 ( 2) 
SPAC a 8 CM SPACING 251.0000 7.8438 3.0279 9.1683 ( 32) 
comp “ie MONOCULTURE 101.0000 8.4167 3.0588 8.3561 ( 12) 
COMP 25 MIXTURE 150.0000 7.5000 3.0349 - 8.2105 ( 20) 
SPAC 4. 44 PLANTS M 245.0000 8.7500 3.8646 14.8352 ( 8) 
comp We MONOCULTURE 32.0000 8.0000 4.3359 18.8000 ( 119) 
COMP at MIXTURE 186 ,0000 @.588&2 3.6582 13.3824 ( 7) 
SPAC 5. 28 PLANTS M 304.0000 10.4828 2.6271 6.9015 ( 23) 
cOomP 42 MONOCULTURE 155.0000 1omssas 3.1081 8.6667 ( 15) 
comPp Qi MIXTURE 148 ,90000 10.6429 2.08793 4.4011 ( 14) 
SPAC 6. 17 PLANTS M 317.0000 j2ate23 5.6001 31.3615 ( 26) 
comp Nn MONOCULTURE 165.0000 12,6923 5.4219 28.3974 ( 13) 
compe 2 MIXTURE 152.0000 11.6823 5.9496 35.3976 ( 13) 
SPAC Che 10 PLANTS M 325.0000 12.5000 5.9008 34.8200 ( 26) 
comp ile MONOCULTURE 154.0000 11.8462 €.1488 37.8077 ( eH 
comp 20 MIXTURE 171.0000 13.1538 5.8144 33.8077 ( 13) 
cUL 4. 70M00S8002 1258 .0000 8.6107 5.0833 25.8396 ( 131) 
SPAC lc 204 PLANTS M 115.0000 5.7500 2.4008 11.5658 ( 20) 
COmP ris MIXTURE 115.0000 5.7500 3.4009 1.5658 ( 20) 
SPAC 20 3 CM SPACING 142.0000 6.1739 2.9795 8.8775 ( 23) 
COMP P., MIXTURE 142.0000 6.1738 2.9785 8.8775 ( 23) 
APPENDIX 6 03/16/82 PAGE 22 
CRITERION VARIABLE T 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
SPAC 3 gs CM SPACING 188.0000 §.4500 3 Gal 14.6816 { 20) 
COMP Bic MIXTURE 185.0000 §s.4500 eh even ae? 14.6816 ( 20) 
SPAC 4 44 PLANTS ™ 146.0000 8.5882 2p 995 €.7574 ( 17) 
COMP 2 MIXTURE 146.0000 &.888&2 2.59935 6.7574 ( fis a} 
SPAC 5 2&8 PLANTS M 223.0000 12.0526 3.7635 14.1637 { 19) 
COMP < MIXTURE 229.0000 12.0526 ae t63'5 VS Visa ( 19) 
SPAC 6 17 PLANTS M 256.0000 12.8000 4.00738 16.0632 { 20) 
COMP iz MIXTURE 256.0000 12.8000 4.00798 16.0632 ( 20) 
SPAC 7, 10 PLANTS M 182 0000 Sis iG s6i7 &€.09S6 65 6061 ‘ hay 
COMP 2 MIXTURE 182.0000 15.1667 @.ossé& 65.6061 ( 121 
CUL Ss NOROQUAY 1181,.0000 €.0890 5.3 73:2 35 . 7506 ( 146) 
SPAC ARs 204 PLANTS M 152.0000 6.3429 Zeielio 5.84084 ( fy) 
COMP rh MONOCULTURE 6€&,.0000 4.2500 Te tes2 1.4000 ( 16) 
COMP ae MIXTURE 84.0000 4.4211 3.0056 $. o3'51 ‘ 5 eB 
SPAC 2 3 CM SPACING 129.0000 5.8636 eH NE Sie / 10.0281 { 2ey 
COMP ie MONOCULTURE 73.0000 7.3000 3.8455 15.5667 ( 10) 
COMP de MIXTURE 56.0000 4.6667 a ehsetes 2.96397 ( 12) 
SPAC 3 9 CM SPACING 144.0000 6.2609 Sao eo, 6.3834 ( sity 
COMP 1 MONOCULTURE 53.0000 5.3000 2.2594 5.5667 ( 10) 
COomP v4 MIXTURE 91.0000 7.0000 2.4833 6.1667 { 13) 
SPAC ‘45; 44 PLANTS M 253.0000 §$.3704 3.8245 14.6268 ( oe | 
COMP 1 MONOCULTURE 107.0000 Cot er fect A} 41735 et 4 12 ( 9 Ws Io 
COMP 2 MIXTURE 146.0000 Si U25'6 3.6856 b We Jae SP - i fe | ( 16) 
SPAC Ss 28 PLANTS M 105.0000 8.7500 4.5352 20.5682 ( Ween) 
COMP Nick MONOCULTURE 105.0000 &.7500 4.5352 20.5682 ( 12) 
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APPENDIX 6 03/16/82 PAGE 23 
CRITERION VARIABLE T 


VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
SPAC 6. 17 PLANTS M 86.0000 10.7500 7.3241 53.6429 ( 8) 
Comp up MONOCULTURE 86.0000 10.7500 7.3241 §3.6429 ( 8) 
SPAC The 10 PLANTS M 312.0000 16.4211 §.3233 86.3240 ( 18) 
COMP ibe MONOCULTURE 132.0000 14.6667 8.7034 75.7500 ( s) 
COMP 2. MIXTURE 180.0000 18.0000 10.0333 100.6667 ( 10) 
CUL 6. TOMOOS002 1246 .0000 §.5115 6.1135 37.3748 ( 131) 
SPAC if 5 204 PLANTS M 76.0000 4.2222 2.1020 4.4183 ( 18) 
comp 2 MIXTURE 7E.0000 4.2222 2.1020 4.4183 ( 18) 
spac Ca 3 CM SPACING 105.0000 4.7727 1.7877 3.2316 ( 22) 
come P43 MIXTURE 105.0000 Bead on Se Ais he? 3.2316 ( 22) 
SPAC 3. 8 CM SPACING 113.0000 Grradie 2.9467 8.6830 ( 18) 
COMP Zo MIXTURE 113.0000 G27 68 2.9467 6.6830 ( 18) 

sPac 4. 44 PLANTS M 123.0000 10.2500 3.4145 11.6591 ( 1 
COMP Bibs MIXTURE 123.0000 10.2500 3.4145 11.6591 ( 2 
SPAC 5. 28 PLANTS M 176.0000 9.7778 4.27793 16.3007 ( 18) 
COMP ae MIXTURE 176.0000 8.7778 4.2778 18.3007 ( 18) 
spac 6. 17 PLANTS M 308.0000 14.0455 6.2066 38.5216 ( 22) 
COMP 2. MIXTURE 308.0000 14.0455 6.2066 38.5216 ( 22) 
SPAC Wis 10 PLANTS M 344.0000 16.3810 5.8436 34.1476 ( 21) 
Comp ie MIXTURE 344.0000 16.3810 5.8436 34.1476 ( raat?) 
CuL hes NOROUAY 840.0000 12.1739 fs NC Vile} 50.9987 ( 63s) 
sPac Us 204 PLANTS M 40.0000 4.8644 ©.8818 0.7778 ( 3) 
COomP Zin MIXTURE 40.0000 4.4446 ©.8818 0.7778 ( 9) 
SPAC ae 3 CM SPACING 80.0000 6.6667 3.2845 10.7879 ( 12) 
comp the MONOCULTURE 46.0000 7.6667 4.3665 18.0667 ( 6) 
APPENDIX 6 03/16/82 PAGE 24 


CRITERION VARIABLE T 


VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
comp 2 MIXTURE 34.0000 5.6667 1.5085 2.2667 ( 6) 
spac Be 9 CM SPACING 47.0000 7.6233 Sie Sot Oly: 15.7667 ( 6) 
COMP 7S MONOCULTURE 47.0000 tHE NE 3.3707 tthe TAS ( 6) 
SPAC 4 44 PLANTS M 90.0000 Apaieewe) Cara 2.8536 8.1429 ( 7) 
COMP 1 MONOCULTURE §$0.0000 thes ote 2.8536 8.1429 ( 7) 
SPAC Ln 28 PLANTS M 132.0000 16.5000 32.6645 13.4286 i 6) 
CGMP Zh MIXTURE 132.0000 16.5000 3.6645 13.4266 ( &) 
SPAC 6 17 PLANTS M 223.0000 14.8667 5.8865 35.8381 ( 15) 
COMP 2 MIXTURE 223 0000 14.8667 S.9865 355 Sision i 1S) 
SPAC the 10 PLANTS M 22& 0000 12.0000 & 4423 Pliner Shere} ( 1Z) 
COMP ca MONOCULTURE 112.0000 18.6667 &.9366 78.8667 ( €) 
COMP 2 MIXTURE 116.0000 18.3333 &.7560 76.6667 ( 6) 
CUL 8. NB701 1812.0000 §$.9016 13.5 ETE) Pane AS HE} ( 183) 
SPAC es 204 PLANTS M 140.0000 5.6000 1.80268 3.2500 ( 2517 
COMP 2 MIXTURE 140.0000 §.6000 1.8028 3.2500 ( 25) 
SPAC 2 3 CM SPACING 174.0000 §.4375 2.2992 5.2863 i 32) 
COMP 20 MIXTURE 174.0000 §.4375 2.2992 $.2863 ( 32) 
SPAC 3% Ss CM SPACING 166.0000 Ge S67, 2.9180 &.5145 ( 24) 
Comp 205 MIXTURE 166.0000 6.9167 2.8189 8.5145 ( 24) 
SPAC 4. 44 PLANTS M 274.0000 &.8387 3.6615 13.4065 ( 31 
COMP rae MIXTURE 274.0000 6.8387 3.6615 13.4065 ( aitap 
SPAC Se 28 PLANTS M 229.0000 ie’ clan AeA Se seeo Vi Os sis ( 18) 
COMP Za MIXTURE 229.0000 eh air heh} 3.3220 M1 O3'53 ( 18) 
SPAC 6 17 PLANTS M 364 0000 15.1667 6.0982 37.1884 ( 24) 


COMP 2% MIXTURE 364.0000 15.1667 6.0982 37.1884 ( 24) 





APPENDIX 6 


CRITERION VARIABLE T 


VARIABLE CODE 
SPac We 
comp 2. 

TOTAL CASES 1080 


on 
u 
— 
o 
@ 


MISSING CASES 


APPENDIX 6 


Be WP77 
Se Re Bee ay ee eee DIVER Sacra 
CRITERION VARIABLE WT 
BROKEN DOWN BY Cut 
BY SPAC 
BY comp 
VARIABLE CODE 


FOR ENTIRE POPULATION 


CUL 25 
SPAC 1 
COMP 1 
compe 2 
SPAC 2 
COMP We 
COMP 
SPAC chins 
COMP Ne 
COMP rao 
sPaAC 4. 
comp une 
COMP 25 
SPAC 5. 
COMP lie 
COMP CH 
SPAC 6 
COMP digs 
COMP me 
SPAC ifs 


COMP Wr 


VALUE LABEL SUM 
10 PLANTS M 465.0000 
MIXTURE 65,0000 
rast) (18% 6. 


(CREATION DATE = 03/16/82) 


Troe vee OFN [oy fer 
DRY WEIGHT PER PLANT G 
CULTIVAR 
INTER-PLANT SPACING 
TREATMENT 


VALUE LABEL SUM 


GLENLEA 10524 .2487 
204 PLANTS M 744 48998 
MONOCULTURE Sia! AEE) 
MIXTURE halal ra vee 
3 CM SPACING 1130.3898 
MONOCULTURE 438.8499 
MIXTURE 631.5399 
9 CM SPACING 1336 .4097 
MONOCULTURE 469.989¢ 
MIXTURE 866 41968 


44 PLANTS M™ 


MONOCULTURE 700,5198 
MIXTURE 828.8699 
28 PLANTS M 1443.93968 
MONOCULTURE 9687, 7298 
MIXTURE 456.2100 


17 PLANTS M 
MONOCULTURE 
MIXTURE 680.8400 


10 PLANTS M 
MONOCULTURE 955, 1099 


STREP 0) oP ab 


03/16/82 
MEAN STD DEV 
16.0345 5.5064 
16.0345 5.5064 
03/16/82 

Lae Anat ela OmNaS oF 
MEAN STD DEV 
46.0510 28,6956 
58.1450 35.9136 
31.0204 14.9501 
33.3882 16.5910 
29.0169 13.7664 
32.2969 TP atois 
31.3464 8.0405 
32.9305 7.8665 
Giant Gaset 10.2451 
36.1531 8.6787 
iba ehvsa! 11.0834 
54.6211 12.2450 
53.8861 6.8672 
55.2580 15.7420 
72.1870 22.4485 
65.8487 18.4982 
§1.2420 21.4138 
g&.5235 31.4351 
99,2023 23.5552 
$7.2629 44.9071 
124.6926 26.7888 
119.3887 18.9641 


PAGE 25 

VARIANCE N 
30.3202 ( 23) 
30.3202 ( 29) 
PAGE 26 

VARIANCE N 
823.4360 ( 1045) 
1285. 7875 ( 181) 
222 5063 ( 24) 
275.2615 ( ap 
188.5148 ( 13) 
61.7404 ( 35) 
64.6502 ( 14) 
61,8822 ( oi) 
106.9626 ( 35) 
Seca tu ( 13) 
122.8410 ( 22) 
149.9397 ( 28) 
47.1582 ( 13) 
247.8120 ( 1S) 
503.8366 ( 20) 
380.1800 ( 15) 
458.5490 ( 5} 
888.1651 ( ©) 
554.8468 ( 13) 
2016 .6433 ( 7) 
717.6381 ( 19) 
RHE 9 Eto ( 8) 
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CRITERION VARIABLE WT 


VARIABLE 


Comp 


CuL 
spac 
comp 
COMP 


SPAC 
COMP 
Comp 


SPAC 
Comp 
comp 


SPAC 
COMP 
compe 


SPAC 
comp 
comp 


SPAC 
comp 
comp 


SPaACc 
come 
comp 


CUL 
SPAC 
comp 


SPAC 
COMP 


APPENDIX 6 


CRITERION VARIABLE WT 


VARIABLE 


spac 
COMP 


SPAC 
COMP 


SPAC 
COMP 


sSPAac 
COMP 


spac 
COMP 


CUL 
SPAC 
COMP 
Come 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COmMP 
COMP 


SPAC 
COMP 


CODE 


CODE 


Nu 


Nob 


VALUE LABEL 
MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


Ss CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOSOO2 
204 PLANTS M™ 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


Ss CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M™ 
MIXTURE 


10 PLANTS M 
MIXTURE 


NOROQUAY 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


g CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


1414, 


7562. 
627. 
145. 
481 


1131 
422. 
709 


1033 
aos 
623. 


1003. 
412. 
s90. 


1354. 
691 
662. 


1224 
632 
591 


1188 
s6é0 
627. 


4683 
449 
449 


s77 
Ba 


640. 
640. 


§s4 
S547 


ess. 
éss. 


$393. 
$33). 


666. 
666 


ss7o. 
847 
382. 
46s. 


634. 
CIES 
302. 


654. 
256. 
3ss. 


1093. 
476. 
616. 


467. 
S67. 


SUM 
os00 
2286 


3489 
8400 


.5088 


-6088 


1188 
aege8 


.O798 
.80S9S 


2688 
2298 
403s 
é1ss 


32398 


.8399 


4a9g 


©3398 
.86s9 
- 1689 


-§$898 
nee oS 


ess 


272394 
.6098 
.6088 


.3498 
- 3498 


SUM 


128. 


36 
25 
24 
25 


27 


26 


32. 
34. 
31. 


37. 
37. 
36. 


46 


ae. 
47. 


a7 
aé 
4s 


45 


43. 
4é. 


35. 
.4805 
.4805 


22 
22 


Zor 
2s. 


03/16/82 


MEAN 


5500 


. 7098 
.0840 
- 3067 
-3426 


-6002 
30. 
.2774 


1814 


2837 
1508 
1635 


1567 
4918 
$262 


. 7010 


ede) 
3207 


0785 
.-6823 
. 47466 


7150 
1331 
2868 


7837 


1022 
1022 


03/16/82 


MEAN 


.0150 


0150 


6371 


.6371 


.0178 


0179 


.8700 


8700 


S756 
5756 


1539 


-2160 


8831 


- 4963 


.8295 
12220 
- 1682 


4s65 


8730 
-44368 


-484E 
.2909 
.5556 


g4s58 
9456 


STO DEV 


ow ou 


ow 


SR ELT 


. 3610 
- 4300 
.OOSs8 
- 6630 


-3953 
-5427 


ie Sieur 


-3310 
-1031 
-3468 


-$810 


7408 


7415 


2 Veter? 
-9438 
a -3-2e 


-3340 
-5764 
-4364 


-§381 
.§888 
.- 2662 


- 8020 
pete 
enone 


- 4300 
- 4300 


VARIANCE 


$73. 


178. 
-4851 
.0879 
.0700 


8818 


S160 


.6805 
. 8073 
-41368 


0813 
-24784 
-3088 


.6885 
-8835 
»4135 


- 2480 
- 7674 
.6773 


.4669 
.6252 
_7742 


-3555 
-4217 
-4586 


a O tnt, 
. 1627 
.1627 


3443 
.3443 


VARIANCE 


ss 
2s 


64 
64. 


138 
138 


220 
220 


552 
§52. 


SSE 
$1 
22 
a 


Sie 
ick. 
29. 


55 
65 
ai 


118 
144 
102 


265 
265. 


2654 
-2654 


e251 
8251 


3033 


.3033 


2490 
2490 


2362 
2382 


O4s54 
o964 
4ae9g 
6302 


9334 
8240 
7700 


0131 


.6082 


60398 


so7é 
1965 
1210 


3468 
34693 


PAGE 


PAGE 
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CRITERION VARIABLE WT 


VARIABLE 


spac 
comp 


SPaACc 
COMP 
Comp 


CUL 
SPAC 
COMP 


spac 
Comp 


SsPac 
compe 


SPAC 
cOmMP 


spac 
comp 


spac 
comp 


SPAC 
COMP 


cuUL 
SPAC 
comp 


SPAC 
Comp 


APPENDIX 6 


CRITERION VARIABLE WT 


VARIABLE 


comp 


spac 
COMP 


spac 
comp 


spac 
COMP 


CODE 


n=) 


CODE 


No 


VALUE LABEL 


17 PLANTS M 
MONOCULTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


JTOMOOS002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


3 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


WOROUAY 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MONOCULTURE 


VALUE LABEL 
MIXTURE 


Ss CM SPACING 
MONOCULTURE 


44 PLANTS M 
MONOCULTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


NB701 
204 PLANTS M™ 
MIXTURE 


3 CM SPACING 
MIXTURE 


8 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


461 
461 


1412 
SS6 
615 


6752. 
620. 
620. 


1050 


1050. 


5507 
550. 


575 
575 


7998 
7939 


1462 


1462. 


1684. 


1694 


3486. 


231 
231 


341. 


172 


168. 


182 


182. 


313. 


313 


S64 
S64 


sas 
s4s 


$07. 


462 
445 


$543 
786 
786 


S60. 
S60. 


9)1\9'- 
919. 


W435 
1433. 


1220 
1220 


1844 
1844 


SUM 


-6400 
-6400 


-O789 
- 1689 
.$0s9 


2690 
1198 
1186 


.0097 
oos7 


6599 
6599 


-O2898 
.0299 


-31898 
-3198 


.§299 
5239 


5999 
.5999 


$396 
.1899 
.1988 


2039 
.6600 


SUM 


Sas9 


4900 
43900 


7800 
7800 


6500 
-6500 


$039 
soso 


63999 
6400 
.0600 


4286 
7798 
7738 


4896 
4898 


$198 
$198 


$397 
$397 


.55393 
-5599 


.6998 
-6998 


S77 
- 7050 


57 


74 
66 
81 


$1. 
34. 
34. 


So. 
.000S 


50 


30. 
30. 


47. 
47. 


44. 
44. 


66. 
be. 


80. 
&O. 


50. 
25. 
25. 


26 
268 


03/16/82 


MEAN 


7050 


. 3200 
-2411 
-5810 


$405 
4511 
4511 


©oo5 


5922 


$922 


9192 
$182 


S067 
4067 


4786 
4786 


6352 
6852 


S354 
68es 
688s 


-4342 
sats 


03/16/82 


MEAN 


og17 


4150 
-4150 


62 6i7 


8257 


$812 
-S812 


,O607 
.O607 


6417 
1067 
1767 


4364 
4712 


ae M7 en 3 


-$835 
.9835 


- 3300 
- 3300 


4497 
4487 


.808s 
. 8089 


.8625 
.- 8625 


STO DEV 


28. 
28. 


37. 
26 
43. 


42 
41. 
4). 


78. 
75 


6408 
6408 


1257 


-O836 


$4398 


-O296 


7E18 
7618 


5840 


.584a0 


.1202 
.1202 


a VERIS 
- 1915 


-4081 
- 4081 


. 8083 
.8083 


- 1766 
- 1766 


-8674 
-5545 
-5545 


@.6138 


-8215 


STD DEV 


4. 


eis 
hear 


6 
& 


6 


8176 


6946 
6S4E 


Stud 
Stata 


gfeta lt} 
nS 


7389 


5S] 


4317 
86399 
e345 


wVs's 


. 3532 


3532 


T7346 


. 7346 


etcts 


$233 


. 2066 
- 2068 


. 3868 
. 3869 


.0851 
.0851 


VARIANCE 


e768. 
.5753 


878 


1378 
789s 
1831 


1766 
1744 
1744 


§712. 
5712. 


37 


407 


179 
17S 


1443 
1143 


738. 
. 5670 


738 


ede) 


20 


74. 
138. 


5753 


.3189 
-2514 
-0649 


4887 
0480 
-0480 


$373 
$373 


-4565 
37. 


4S65 


ne Sind 
407. 


6971 


- 7766 
- 7766 


.0029 
.0028 


5670 


-2431 
20. 
-7431 


7431 


1991 
7475 


VARIANCE 


23. 


PEae 


161 


80 
&0 


4s 
4s 


472 
472 


185 
sé9g 
013 


a 


661 
18 
18 


as. 


45 


30 
go 


125 
125 


153. 


SE 


788 
788 


2090 


1541 
ea 


§994 
s3s4 


3173 
3178 


5801 
$801 


$417 
6057 
4350 


4324 


.9501 
-9504 


3548 


3546 


6330 


.69830 


.5831 


$931 


4346 
4346 


7731 
rr dee Me} 
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APPENDIX 6 03/16/82 PAGE 31 
CRITERION VARIABLE WT 
VARIABLE CODE VALUE LABEL sum MEAN STD DEV VARIANCE N 
SPAC De 10 PLANTS M 2371.0398 81.7600 24.3921 594.9743 ( 29) 
COMP 2. MIXTURE 2371.0398 81.7600 26.3921 594.9743 29) 
TOTAL CASES = 1080 
MISSING CASES = 25 OR 3.2 PCT. 
APPENDIX 6 03/16/82 PAGE 32 
FILE  wP77 (CREATION DATE = 03/16/82) 
ee DGE MS? C! Re URE Ae IegOMING 0 FOS) ULES Ree (PU lLweAccre ) GUN” SPM Sees ool so) eI cs ee 
CRITERION VARIABLE Y SEED YIELD PER PLANT G 
BROKEN DOWN BY  CUL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY COMP TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
FOR ENTIRE POPULATION 14806.4174 14.3038 12.848¢ 165.0689 ( 1035) 
cUL 2 GLENLEA 3628 .4494 20.1636 18.2231 332.0818 | 180) 
SPAC i 204 PLANTS M 177.2400 7.7061 Se Size 33.9578 ( 230) 
COMP 1 MONOCULTURE 84.8500 7.7136 7.2158 52,0696 ( 1h) 
COMP 2. MIXTURE 82.3900 7.6992 4.5365 20.5796 ( 125 
SPAC 2 3 CM SPACING 271.7100 7.9915 3.1188 8.7266 ( 34) 
COMP fixe MONOCULTURE 94.4900 7.2685 Bees ies 10.5188& ( alps 
COMP 2 MIXTURE Uva eee Zoo: 8.4390 et eae bah 9) 8.1875 ( Mi he} 
SPAC 3. 9 CM SPACING 361.2100 10.3203 4.1691 17.3817 ( 35) 
COMP i MONOCULTURE 112.5600 8.6585 3.8726 14.8968 | 13) 
COMP 2. MIXTURE 248.6500 11.3023 4.1052 16.8523 ( 22) 
SPAC 4. 44 PLANTS M 496.0098 17.1038 5.3600 28.7300 ({ 29) 
comp aie MONOCULTURE 217.0400 16.6854 3.2172 10.3503 ( 13) 
COMP 2 MIXTURE 278.8699 17.4356 6.7147 45.0870 ( 16) 
SPAC 3. 28 PLANTS M 510.1388 25.5070 8.6354 92.8402 { 20) 
COMP 1. MONOCULTURE 335.2999 22.3533 8.3744 70.1305 ( 15) 
COMP 2. MIXTURE 174.8400 34.9680 6.808} 46.3501 ( 5) 
SPAC 6. 17 PLANTS M 751.3498 37.5675 15.4102 237.5986 ( 20) 
comp 1. MONOCULTURE 473.5899 36.4300 12.3287 151.9978 ( 13) 
COMP 2. MIXTURE 277.7600 38.6800 20.9855 440.3899 ( 7) 
SPAC 7. 10 PLANTS M 1061.7896 55.8837 20.4937 418.9902 ( 19) 


COMP 1 MONOCULTURE 353.3099 44.1637 giSings ave 236.4694 ( 8) 


Ds 
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CRITERION VARIABLE Y 


VARIABLE 


COMP 


CUL 
SPAC 
COMP 
COMP 


SPAC 
come 
COMP 


SPAC 
come 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
compe 
come 


SPAC 
COMP 
COMP 


CUL 
SPaAC 
comp 


spac 
COMP 


APPENDIX 6& 


CRITERION VARIABLE Y 


VARIABLE 


SPAC 
COMP 


SPAC 
compe 


spac 
COMP 


SPAC 
COMP 


SPAC 
comp 


CUL 
SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


spac 
COomP 
comp 


SPAC 
COMP 
comp 


SPAC 
COMP 


N-W 


Non 


CODE 


VALUE LABEL 
MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


8 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOS0O02 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


S CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NOROQUAY 

204 PLANTS ™M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


9 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS ™ 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


708. 


1974, 
114. 
24. 
ss. 


219. 


$1 
128 


241. 


100 
141 


288. 
106. 


181 


407. 
195. 


mila 


361. 
200. 


161 


342. 
187. 
184. 


1315. 
84. 
84. 


SUM 


4799 


4497 
7000 
7400 
3600 


2900 
. 2700 
.0200 


1400 
0100 
- 1300 


3400 
3500 
. 8800 


30399 
8200 
-4800 


5399 
2800 
- 2600 


1289 
2300 
s000 


84358 
5700 
5700 


18.5600 
18.8600 


SUM 


- 2000 


. 2000 


. 7400 
7400 


-4400 
4400 


Seo) 6:5:9) 
£.$699 


auc at Kee) 
. 3700 


ache 
3400 
. 3700 
.3700 


,0100 
- 3800 
0300 


. 3800 
-5400 
8400 


-5199 
1S 919 
. 3600 


.§100 
-5100 


64. 


Prewo 


03/16/82 


MEAN 


4073 


-§384 
-5880 
-1233 
o were Wy 


5.3485 


-5183 


4.7415 


13 
13 


.5356 
-3342 
OSES 


.2979 
-6682 
-7083 


-O452 
0547 
+1064 


$054 
- 4062 
- 4046 


- 16888 
0846 
.2231 


- 2004 
.2285 
-2285 


-4345 
4345 


03/16/82 


MEAN 


2100 
.2100 


oEIEIE) 
eee) 


. 8653 
.8653 


gs8e5 


.99885 


3064 


3064 


-O365 
.- 3240 
ager sees) 
8458 


.0005 


1089 


4192 


1904 
.O540 
.2954 


.8452 
0145 
Te Si2:2'5) 


7092 


eo era 


STD DEV 
20.0163 


5.6860 
2.4783 
2.2404 
2.5897 


3.1345 
2.7445 
3.1882 


2.8738 
2.5921 
3.1457 


4.0280 
2.8544 
4.2006 


4.7749 
§.4038 
3.9134 


6.1601 
Seed tile. 
5.3777 


6.0sS88 
GiecOnie 1 
4.9856 


7.2785 
ye Bate 
1.8582 


2.3782 
2.3782 


VARIANCE 
400.6516 


32.3307 
6.1467 
§.0183 
6.7066 


$.8251 
7.5323 
10.2286 


8.8440 
6.7188 
$.8s55 


16.2246 
14.8560 
17.6451 


22.7933 
28.2006 
15.3145 


37.9464 
45.2554 
28.9196 


36.7102 
89.1693 
24.8563 


52.8764 
3.8384 
3.8384 


5.6557 
5.6557 


VARIANCE 
17.0370 
17.0370 


1.0808 
1.0808 


20.8337 
20.8337 


Bisin eet 
SS 487 7 


uw 
w 


754e 
7546 


uw 
“ 


134.5840 
11.1650 
1546 
16.4637 


15.9676 
1.7959 
6.8155 


7.8754 
10.2286 
G2 789'2 


31.5890 
37.8356 
24.2313 


56.0715 
Sb O75 


PAGE 


PAGE 
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APPENDIX 6 


03/16/82 PAGE 35 
CRITERION VARIABLE Y 
VARIABLE CODE VALUE LABEL sum MEAN STD DEV VARIANCE N 
SPAC 6 17 PLANTS M 163.8000 20.4750 16.6208 276.2495 8) 
comp ie MONOCULTURE 163.8000 20.4750 16.6208 276.2485 8) 
SPAC Gh 10 PLANTS M 568.7398 28.9337 17.9116 320.8261 18) 
comp a: MONOCULTURE 233.2700 25.9188 13.3391 177.8309 8) 
COMP ie MIXTURE 335.4698 33.5470 21.2806 452.8660 10) 
CUL ee 7O0M009002 1983.08S6 15.4929 14.9345 223.0407 128) 
SPAC his 204 PLANTS M 88.6500 4.9250 2.0788 4.3261 18) 
comp 2 MIXTURE 88.6500 4.9250 2.0798 4.3261 18) 
SPAC FY, 3 CM SPACING 121.0500 5.5023 2.4946 6.2221 22) 
COMP 2 MIXTURE 121.0500 5.5023 2.4944 6.2221 22) 
SPAC Ee 8 CM SPACING 1.1200 6.9450 3.1230 €.7530 16) 
comp on MIXTURE 1.1200 6.9450 3.1230 8.7530 16) 
SPAC 4. 44 PLANTS M 179.3000 14.9417 8.9518 80.1366 12) 
COMP 25 MIXTURE 178.3000 14,9417 8.9519 80.1366 1) 
SPAC Se 28 PLANTS M 254.4288 14.1350 Welz2e 50.7254 18) 
COMP 20 MIXTURE 254.4299 14.1350 oh ihirey 50.7254 18) 
SPAC 6. 17 PLANTS M 555.9799 25.2718 18.4032 338.6768 22) 
COMP 25 MIXTURE 555.9799 25.2718 18.4032 338.6768 22) 
SPAC oh 10 PLANTS M 672.5599 33.6280 16.2645 264.5344 20) 
comp an MIXTURE 672.5599 33.6280 16.2645 264.5344 20) 
cUL he NOROQUAY 1088.7598 16.9040 2s 833 153.3473 65) 
SPAC le 204 PLANTS M 41.9400 5.2425 1.8082 3.6414 8) 
COMP Gh. MIXTURE 41.9400 5.2425 1.9082 3.6414 8) 
SPAC 2 3 CM SPACING 86.5300 7.8664 4.3158 18.6262 11) 
COMP 12 MONOCULTURE 53.7000 8.8500 5.4340 28.5280 6) 
APPENDIX 6 03/16/82 PAGE 36 
CRITERION VARIABLE Y 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
COMP 2 MIXTURE 32.8300 6.5660 2.4042 5.7803 5) 
SPAC <p 8 CM SPACING 62.7000 10.4500 6.2299 38.8114 6) 
COMP We MONOCULTURE 62.7000 10.4500 6.2298 38.8114 5) 
SPAC 4 44 PLANTS M 82.8100 3.8017 5.6807 2.2708 6) 
COMP 1 MONOCULTURE 82.8100 3.8017 5.6807 32.2708 6) 
SPAC 5 28 PLANTS M 175.5999 25.0857 4.8736 24 7390 7) 
COMP on MIXTURE 175 5999 25.0857 4.9738 24.7380 7) 
SPAC 6 17 PLANTS M 307.6198 20.5080 8.3253 86 S605 15) 
COMP 2 MIXTURE 307.6199 20.5080 8.3253 86.9605 15) 
SPAC 7 10 PLANTS M 341.5599 28.4632 Ne SS 301.8445 12) 
COMP the MONOCULTURE 19&.7900 saveta tia 20.3637 414.6802 6) 
comp 2 MIXTURE 142.7700 23.7950 14,0382 187.0743 6) 
cUL Gi. NB701 3057.5194 16.8924 1) OWE 136.9213 181) 
SPAC i 204 PLANTS M 187.8700 7.5148 2.2240 4.9462 25) 
COMP Oe MIXTURE 187.8700 7.5146 2.2240 4.9462 25) 
SPAC 26 3 CM SPACING 232.6900 T2716 3.1041 §.6357 32) 
COMP Fil MIXTURE 232.6900 Th TAKe 2.1041 8.6357 32) 
SPAC oe 9 CM SPACING 261.0000 10.8750 4.1693 17.3830 24) 
COMP Pye MIXTURE 261.0000 10.8750 4.1693 17.3830 26) 
SPAC 4. 44 PLANTS M 432.5388 14.4180 5.4080 29.2466 30) 
COMP an MIXTURE 432.5399 14.4180 5.4080 29.2466 30) 
SPAC 5. 28 PLANTS M 440.8699 24.4928 6.5769 43.2553 18) 
COMP 2) MIXTURE 440.8699 24.4928 6.5769 43.2553 18) 
SPAC 6. 17 PLANTS M 659.0588 28.6548 12.9021 166.4636 23) 
COMP ae MIXTURE 659.0599 28.6548 12.9021 166.4636 23) 





APPENDIX 6 


CRITERION VARIABLE Y 


VARIABLE CODE 
SPAC the 
comp 2 
TOTAL CASES = 1080 
MISSING CASES = 45 OR 


APPENDIX 6 


FILE WP77 


(CREATION DATE = 


Des oe CUR 


CRITERION VARIABLE NK 
BROKEN DOWN BY CUL 
BY sPac 
BY COMP 
VARIABLE CODE 


FOR ENTIRE POPULATION 


CuL 2 
SPAC 1 
comp 1 
COMP 2 
SPAC 2 
comp 1 
COMP Z 
SPAC 3 
comp 44 
COMP Zn 
SPAC 4 
COMP Acs 
comp an 
SPAC 5 
COMP We 
comp ah 
SPAC 6s 
COmP de 
COMP ay 
SPAC cn 


Comp 


VALUE LABEL 


10 PLANTS M 


MIXTURE 

Sine POT. 
03/16/82) 
TRIPle TORN 


NUMBER OF KERNELS PER PLANT 


CULTIVAR 
INTER-PLANT 
TREATMENT 


VALUE LABEL 


GLENLES 
204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


8 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 


SUM 


843.4898 
843.4888 


OE. 


SPACING 


SE1302" 


72336. 
3557) 
1763 
17 sis 


$2638 
1846. 
3443. 


7090. 
Bie Salis 
4799, 


8353. 
4405S. 
4948. 


10684 
7045. 
3639. 


14590. 
gess. 
S735. 


XG Ly Pa Fe} 
6964. 


SHUS Ee Fs COMPU Es Am aas t 


03/16/82 PAGE 37 

MEAN STD DEV VARIANCE N 
29.0859 11.7048 137.0054 ( 29) 
28.0858 11.7048 137.0054 ( 28) 
03/16/82 PAGE 38 
ONS - - = = See See = = = © 

MEAN STD DEV VARIANCE N 
350.0988 312.3564 S7566.5101 Genoz2 
406.3820 377.6856 142652.9545 ( 178) 
154.6522 134.2100 18012.3281 ( 23) 
160.2727 174.4758 30441.8182 ( pa 
145.5000 81.0479 SVesea27e ( 12) 
155.5588 54.6710 2988.9207 ( 34) 
142.0000 57.8158 3342.6667 ( 13) 
163.9524 52.2747 2732.6476 ( 21) 
202.5714 75.2817 5668.84023 ( 35) 
176.2308 eh ochre) 5374.8590 ( i) 
218.1364 73.644) 5423.4567 ( 22) 
334.0357 96.4558 $303.7394 ( 28) 
338.8462 6€.3165 4667.1410 ( 13) 
329.8667 117.9085 13902.4095 ( 15) 
534.2000 205.1432 42083.7474 ‘ 20) 
465.6667 178.0820 32073,.9524 ( 15) 
727.8000 158.6528 25170.7000 ( 5) 
767.8947 303.3721 $2034.6550 ( 19) 
737.9167 242.8182 58961.1742 ( 12) 
819.2857 403.8934 163128 .9048 ( 7) 
1145.8474 438.1611 191985.1637 ( 19) 
870.5000 296.1510 87705 .4286 ( 8) 





APPENDIX 6 
CRITERION VARIABLE NK 
VARIABLE 

come 


CUL 
SPAC 
Comp 
COMP 


SPAC 
COmP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
Comp 
COmP 


SPAC 
comp 
COMP 


SPAC 
come 
COmP 


SPAC 
Comp 
COmP 


CUL 
SPAC 
Comp 


sPac 
come 


APPENDIX 6 
CRITERION VARIABLE NK 


VARIABLE 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


CUL 
SPAC 
COMP 
COMP 


SPAC 
comp 
Comp 


SPAC 
cOomP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
cCOmP 


CODE 


Non N= No-0 NOB NAW NAN 


N= 2b 


CODE 


VALUE LABEL 
MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


s CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOS002 
2904 PLANTS M™ 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


s CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


S CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


14808 


56013 


677 


§$30. 


2466 
3464 


6796. 
2937. 
38ss. 


7885 
4830 
11576 
5701 
5875 


10647 
$617 


10084. 
4667. 
. 0000 


5417 


36401 


3173. 
3173. 


4asse. 
4556. 


4430. 
4430. 


7105 


TPS OEE 


8782. 


8782 


6005 


40446 
4032 
1995 


Seas 


3727 
1534 


8417. 
4062. 
4355. 


3788. 


3786 


SUM 


0000 


. 0000 
2985. 
0000 
2318. 


oo00 


0000 


0000 


. 0000 
. 0000 


©o000 
©0000 
oo0°0 


0000 
3155. 
. 0000 


0000 


. 0000 
. 0000 
0000 


- 0000 
. ©0000 
5030. 


©0000 


©0000 
0000 


- ©0000 
2350. 
2350. 


0000 
e000 


©0000 
0000 


SUM 


oo000 


oo0o°0 


oooo0 
0000 


oooo 
oo0o0 


0000 
ooo0o0 


,0000 
6o0os. 


0000 


.-0©000 
.0000 
.0000 
ZOSi7ie 


ooo00 


©0000 
Mi: Si2e. 
1420. 


oo00 
o000 


.0000 
. 0000 
Z2S'S x 


0000 


e000 
0000 
oo00 


0000 
oo00 


1346 


270, 
W718. 
112 
122 


144 
D7 Gae 
128 


ane 
244 
132 


285 
286. 
284 


399 
380. 
419 


aos 
432 
366 


387 
359 
416 


282. 
WS) Gah 
qr 


144 
144. 


03/16/82 
MEAN STD DEV 
.2727 423.4846 
5942 171.7866 
8000 $8.7324 
.8§333 53.5765 
.0000 58.8342 
-6341 80.3772 
1429 72.0233 
.2963 80.8316 
-3750 62.1771 
. 7500 $0.0830 
-$500 72.5248 
- 1786 124.8305 
6182 131.4419 
1176 124.6464 
ees. 127.1740 
ObE7 132.4373 
-6429 122.7735 
.- 5000 200.3623 
.O768 168.6125 
-$231 231.8679 
- 8462 197.6546 
©0000 209.3267 
.6923 188.1289 
1783 184.2865 
$000 53.3488 
5000 53.9488 
.2273 ih ese Al 
2273 61.6271 
©3/16/82 
MEAN STD DEV 
8000 122.2468 
8000 122.2468 
5882 117.3601 
5&&2 117.3601 
9474 VTS ve 75: 
.9474 TTS. 18 7S 
- 1000 174.0199 
1000 17.4 24785 
go91 304.9133 
g$og1 304.8133 
-§379 281.7068 
SNC Sis} 76.7028 
-6875 48.7644 
3684 95.0387 
9524 88.3268 
eal al 107.0764 
3333 §$2.8744 
o435 60.992°8 
4000 67.5306 
6323 $7.3036 
.7407 165.3578 
eae head 20&.5584 
1875 Vis 2S 87.2 
6667 174.0639 
6667 174,0639 


VARIANCE 


178339. 


29500 
3448. 
3549 
3582. 


6460 
5187 
6533. 


6753 
8116 
5259. 


15607 
hid 2 niOxe 
15836 


16173. 
17539. 
15073. 


4014s 
28768 
$3762 


38067 
43817. 
35768 


37747 
2910. 
2910. 


37937. 
3797. 


VARI 


2182 


. 3200 


S000 


. 3667 


ns fa bea) 


4878 
. 3626 


7850 


.O806 
. 7500 


8395 


-6336 


S636 


- 7383 


2182 
6381 
3242 


. 0600 
-4103 
, 7436 


-3354 


6667 


- 7308 


.2414 


4737 
4737 


8883 
8983 


ANCE 


Siebik ud 
SEP DET 


. 3824 
. 3824 


1637 


IGE 


.3053 


3053 


osos 


2.09093 


tace 


.3160 
.$625 
SSE SL 


B47E 


3611 


6370 


.1344 
4889 
.7308 


1994 
6182 


0958 


- 2424 
-2424 


PAGE 


PAGE 
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APPENDIX 6 


CRITERION VARIABLE NK 


VARIABLE 


spac 
comp 


SPAC 
COMP 
COMP 


CuL 
SPAC 
Comp 


spac 
Comp 


SPAC 
COMP 


SPAC 
Comp 


SPAC 
COMP 


SPAC 
compe 


spac 
COMP 


CuUL 
SPAC 
comp 


spac 
comp 


APPENDIX & 


CRITERION VARIABLE NK 


VARIABLE 


comp 


SPAC 
Comp 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
Comp 


SPAC 
COMP 
comp 


CUL 
SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAT 
COMP 


CODE 


=o 


N-~ 


CODE 


2 


3 


No 


VALUE LABEL 


17 PLANTS M 
MONOCULTURE 


10 PLANTS M 
MOWOCULTURE 
MIKTURE 


TOMOOS002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


8 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MONOCULTURE 


VALUE LABEL 
MIXTURE 


8 CM SPACING 
MONOCULTURE 


44 PLANTS M 
MONOCULTURE 


2&8 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 FLANTS M 
MONOCULTURE 
MIXTURE 


NB701 
204 PLANTS M 
MIXTURE 


2 CM SPACING 
MIXTURE 


9 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


2&8 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


857 


1731 
1731 


2310 
23.10. 


4672 
4672 


8451 
6451 


ee Dag 
5107. 
4104 


78260. 
44aa7 
4447. 


542¢. 
5429. 


6063 
6063. 


10537 
10537 


aves 
PP 
wow 


Bi aahead 
17181 


SUM 


0000 
- 0000 


. 0000 
.©000 
0000 


.- 8000 
. 0000 
0000 


- ©0000 
.0000 


0000 
0000 


. 0000 
- 0000 


.0000 
9000 


-0000 
. 0000 


.0000 
. 0000 


.-©000 
,O0000 
, 0000 


.Oo000 
. 0000 


SUM 


»O000 


.- 0000 


©0000 


oo00 
e000 


0000 


.- 0000 


ooo0°0 


-0©000 


e000 
e000 


.0000 


0000 


.Oo00 


0000 


e000 
0000 


.-0000 


oooo0 


. 0000 
.0000 


, 0000 
.0000 


. ©0000 
.-0000 


46eé. 
S66. 


70s 
613 
7385 


= at 
=a aad 
==0 


121 
eda 


158. 
188, 


340 
340 


360 
360. 


624. 
624. 


804 
804 


4sé 
LSSie 
139. 


212 
246. 


03/16/82 
MEAN STO DEV 
2500 409.7022 
2500 403.7022 
.4737 431.8153 
. 8688S 339.6986 
.- 5000 $02.9874 
- 2441 359.0327 
-6667 49.5450 
-6667 49.5450 
-8182 55.5094 
8182 55.5094 
6875 78.5728 
6875 78.5728 
-5833 170.7302 
-§833 170.7302 
9444 187.5260 
$444 187.5260 
3333 428.7459 
3333 428.7459 
.0500 396.0516 
.O500 396.0516 
8462 318.8436 
5000 66.5260 
5000 66.5260 
1818 U2Gatg ae 
1667 187.8651 
03/16/82 
MEAN STD DEV 
42000 683.2553 
5000 182.7662 
s000 152.7662 
0000 156.8770 
.0000 156.8770 
42686 140.1914 
4286 140.1914 
4000 Asien Oreo 
42000 232.6425 
$833 415.2190 
1667 473.4175 
, 0000 37.2,0269 
. 9006 chef) ge ee A eKe) 
£800 51.9898 
. 8800 $1i1.9898 
6563 Abo. 5:9'5 
.6563 nl RYERSS 
-6250 100.6664 
.6250 100.6664 
-2333 133.2585 
12333 133.2585 
. 3868S 211 6 O87, 
3889 217.6087 
4346 378.1605 
4348 37&.1605 


VARIANCE 


167855 


167855. 


.$286 


$266 


186464 .4854 


115395. 


nl fi Ha | 


252896 .2778 


128904 
2454 


3081 
3081 


6173. 
6173. 


29148. 
29148. 


3SO1E 
39016 


183823 
183822 


156856 
156856 


101661 
4425 
4425 


159198 
24952 


.4588 
.7089 
2484. 


7059 


- 2887 
-2887 


6958 
6ssé 


8106 
8106 


-5261 
-§261 


.0333 
.0333 


-8$21 
.8921 


-3622 
»7183 
.7143 


- S636 
- 8667 


VARIANCE 


4736 


22a0 7. 


23337 


24610 
24610 


19653 
19653 


§4122 
54122 


172406 
224124 
138404 


137996 
2702 


27:02" 


$163 
$163 


ALO Ms sin 
10133. 


17757 
17757 


47353 
47353 


143005 


143005. 


3000 


5006 
5000 


4000 
2000 


-6190 
.6190 


§425 
S$42s 


&106 
1667 
oo00 


667& 
9433 
$433 


7813 
7613 


7226 
7226 


-8402 
8402 


§458 
$458 


-3478& 


3478 


PAGE 


PAGE 
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APPENDIX 6 03/16/82 PAGE 43 
CRITERION VARIABLE NK 


VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
cence, ies 10 PLANTS M 24444 ,0000 842.8966 511.3037 261431.4532 ( 28) 
an MIXTURE 24444 .0000 842.8966 511.3037 261431.4532 ( 29) 
TOTAL CASES « 1080 
MISSING CASES = 48 OR 4.4 PCT. 
APPENDIX 6 03/16/82 PAGE 44 
FILE  wP77 (CREATION DATE = 03/16/82) 
Sy SS ee ee DREESSECER  UMPaiT 1) 200N OF SuULBEP oO PD Le AaTOT OO NES GS as 9S ae ewes oe Soe 
CRITERION VARIABLE EL EXTRUSION LENGTH CM 
BROKEN DOWN BY CUL CULTIVAR 
BY spac INTER-PLANT SPACING = 
BY COMP TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
FOR ENTIRE POPULATION 61344 .0000 58.5344 12.5078 156 4458 ( 1048) 
CUL 2) GLENLEA 13120.0000 72.0879 9 1538 83.7833 ( 182) 
SPAC 1 204 PLANTS M 1762.0000 a smranier, 9 9035 86.0797 ( 24 
COMP 1 MONOCULTURE 817 0000 74.2727 7.9132 62.6182 ( 11) 
COMP 2 MIXTURE 845.0000 72.6923 11.6002 134.5641 ( 13) 
SPAC 2. 3 CM SPACING 2582.0000 73°7714 8.0040 64.0638 ( 35) 
COMP ifZ MONOCULTURE 10160000 72.5714 11.6137 134.8791 ( 14) 
COMP 2. MIXTURE 1566 .0000 74.5714 4.4223 19.5571 ( 21) 
SPAC 3 8 CM SPACING 2534.0000 72.4000 10.9442 119.7765 ( 35) 
COMP Ne MONOCULTURE 943.0000 72.5385 Je Gai 185.2692 ( 13) 
COMP 2. MIXTURE 1591.0000 72.3182 8.3828 88.0368 ( 22) 
SPAC 4. 44 PLANTS M 2084 ,.0000 71.8621 10.3120 106.3374 ( 25) 
COMP ie MONOCULTURE 967.0000 74.3846 10.5794 111.8231 ( 13) 
COMP 2. MIXTURE 1117.0000 68.8125 9.9480 98.9625 ( 16) 
SPAC ce 28 PLANTS M 1416.0000 70.8000 7S one Sem2za7 ( 20) 
comp 1 MONOCULTURE 1066 .0000 71.0667 7.2651 52.7810 ( 15) 
COMP on MIXTURE 350.0000 70.0000 9.0277 81.5000 ( 5) 
SPAC 6 17 PLANTS M 1424 .0000 71.2000 6.7715 45.8526 ( 20) 
COMP ie MONOCULTURE 335.0000 72.2308 6.7842 46.0256 ( 13) 
comp 2. MIXTURE 485.0000 69.2857 6.8243 46.5714 ( 7) 
SPAT 7. 10 PLANTS M 1318,0000 69.3684 6.8394 78.1345 ( 18) 


COMP ie MONOCULTURE 567.0000 70.8750 6.9513 80.1250 ( 8) 
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APPENDIX 6 


03/16/82 PAGE 45 
CRITERION VARIABLE EL 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
COMP 2 MIXTURE 751.0000 68.2727 8.0232 81.4182 ( 11) 
CUL 3 PARK 11307.0000 54.6232 6.8587 47.0418 ( 207) 
SPAC As 204 PLANTS ™ 1444 .0000 57.7600 4.8501 23.5233 ( 25) 
COMP 1 MONOCULTURE 351.0000 58.5000 3.7283 13.8000 ( 6) 
COMP Fy MIXTURE 1083.0000 57.5263 5.2214 27.2632 ( 19) 
spac 2 3 CM SPACING 2257.0000 55.0488 7.6680 58.7976 ( 41) 
COMP aie MONOCULTURE 783.0000 56.3571 7.6218 58.0934 ( 14) 
comP 20 MIXTURE 1468.0000 54.3704 7.7467 60.0114 ( 27) 
spac 3. 8 CM SPACING 1852.0000 57.8750 6.8096 46.3710 ( 32) 
comP is MONOCULTURE 710.0000 59.1667 5.0422 25.4242 ( 1123) 
COMP rie MIXTURE 1142.0000 57.1000 7.6976 58.2526 ( 20) 
SPAC 4. 44 PLANTS M 1508 .0000 53.8929 4.7946 22.8881 ( 28) 
COMP ale MONOCULTURE 605.0000 55.0000 5.0794 25.8000 ( 11) 
COMP py. MIXTURE 904.0000 53.1765 4.6130 21.2794 ( 17) 
SPAC 5. 28 PLANTS M 1554.0000 52.5862 5.2612 27.6798 ( 29) 
COMP 1 MONOCULTURE 80S .0000 53.8333 5.8572 28.7810 ( 15) 
COMP 2. MIXTURE 745.0000 53.2143 5.2208 27.2582 ( 14) 
SPAC 6. 17 PLANTS M 1345.0000 51.7308 8.2828 68.6046 ( 26) 
COMP tis MONOCULTURE 660.0000 50.7682 8.4474 71.3580 ( as) 
COMP 2 MIXTURE 685.0000 52.6923 8.3405 69.5641 ( 13) 
SPAC 7. 10 PLANTS M 1346 .0000 51.7682 6.8077 46.3046 ( 26) 
COMP a MONOCULTURE 673.0000 51.7682 8.3582 68.8590 ( 13) 
COMP 2 MIXTURE 673.0000 51.7682 5.1665 26.6923 ( 13) 
CUL 4. 7OMOC09002 8027.0000 61.2748 ©. 06239 82.1547 ( 131) 
SPAC he 204 PLANTS M 1213.0000 60.6500 9.3599 87.6079 ( 20) 
comP 2 MIXTURE 1213.0000 60.6500 9.3598 87.6079 ( 20) 
SPAC Fi 3 CM SPACING 1523.0000 66.2174 8.0451 64.7233 ( 23) 
COMP 28 MIXTURE 1523.0000 66.2174 8.0451 64.7233 ( 23) 
APPENDIX 6 03/16/82 PAGE 46 
CRITERION VARIABLE EL 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
SPAC a0 8 CM SPACING 1228.0000 61.4000 Sin 8 fate: 138.5158 ( 20) 
COMP 2 MIXTURE 122 0000 61.4000 Tomeunt 138.5156 ( 20) 
SPAC a. 44 PLANTS M 1063.0000 62.5294 11.0120 121.2647 ( 17) 
COMP 2 MIXTURE 1063.0000 62.5294 11.0120 121.2647 ( 17) 
SPAC 5 28 PLANTS M 1186 .0000 62mecan 5.9378 35.2573 ( 18) 
COMP 2 MIXTURE 1186 .0000 62.4211 5.93768 35.2572 ‘ 19) 
SPAC > 17 PLANTS M 1171.0000 58.5500 5.6613 32.0500 ( 20) 
COMP 2 MIXTURE 1171, 0000 58.5500 5.6613 32.0500 ( 20) 
SPAC he 10 PLANTS M 643.0000 53.5833 5.0174 25.1742 ‘ 12) 
COMP Ph. MIXTURE 543.0000 52.5833 5.0174 PIS 5 Ef se2 ( 12) 
CUL 5 NOROQUAY 6411.0000 44.2138 8.9978 80.9609 ( 145) 
SPAC ie 204 PLANTS M 1554.0000 44.4000 7.9786 63.6588 ( 35) 
COMP 1 MONOCULTURE 704.0000 44.0000 4.7748 22.8000 ( 16) 
COMP 2m MIXTURE 850.0000 44.7368 10.0490 100.8825 ( 18) 
SPAC a 3 CM SPACING 1031.0000 46.8636 11.0882 123.1710 ( 22) 
COMP i MONOCULTURE 488.0000 48.8000 10.9524 118.9556 ( 10) 
COMP Z MIXTURE 543.0000 45.2500 11.4346 130.7500 ( 12) 
SPAC Eh 8 CM SPACING 1022.0000 44.4348 i EHIGE 125.8024 ( 23) 
COMP 1 MONOCULTURE 295.0000 38.5000 7.0277 4as.3889 ( 10) 
COMP oe MIXTURE 627.0000 46.2308 12.5576 157.6923 ( 13) 
SPAC 4. 44 PLANTS M 1191,0000 45.8077 8.3167 86.8015 ( 26) 
COMP 1 MONOCULTURE 422.0000 42.2000 5.4732 29.9556 ( 10) 
comp 2 MIXTURE 768.0000 48.0625 10.6111 112.5856 ( 16) 
SPAC aie, 28 PLANTS M 486.0000 40.5000 4.7001 22.0909 ( 12) 
COMP 1 MONOCULTURE 486 0000 40.5000 4.7001 22.0908 ( 12) 
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APPENDIX 6 03/16/82 PAGE 47 
CRITERION VARIABLE EL 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
SPAC 6. 17 PLANTS M 306.0000 38.2500 6.5182 42.5000 ( 8) 
COMP ive MONOCULTURE 306.0000 38.2500 6.5182 42.5000 ( 8) 
SPAC WW 10 PLANTS M 821.0000 43.2105 6.3995 40.9532 ( 18) 
comp oe MONOCULTURE 375.0000 41.6667 2.2580 8.7500 ( 9) 
COMP ohn MIXTURE 446.0000 44.6000 8.3427 63.6000 ( 10) 
CUL B. 7OM00S002 6785 .0000 51.7938 €.2286 38.7957 ( 131) 
SPAC if 204 PLANTS M 875.0000 54.1667 8.2194 67.5588 ( 18) 
compe 2s MIXTURE 975.0000 54.1667 8.2194 67.5588 ( 18) 
SPAC 2: 3 CM SPACING 1135 .0000 51.5908 we VAS 51.4913 ( 22) 
comp 2 MIXTURE 1135 .0000 51.5908 Tet 757, 51.4913 ( 22) 
SPAC re 8 CM SPACING 859.0000 53.2778 4.7379 22.4477 ( 18) 
cOmMP on MIXTURE 859.0000 53.2778 4.73789 22.4477 ( 18) 
SPAC 4. 44 PLANTS ™ 685.0000 57.0833 4.2310 17.9015 ( Syed) 
COMP 26 MIXTURE 685.0000 57.0833 6.2310 17.9015 ( 12) 
SPAC s. 28 PLANTS M 869.0000 48.2778 4.1841 17.5065 ( 1B) 
comp 2h MIXTURE 869.0000 48.2778 4.1841 17.5065 ( 18) 
SPAC 6. 17 PLANTS M 1094.0000 49.7273 5.6331 34), 72316 ( 22) 
comp 2 MIXTURE 1094.0000 89.7273 5.6331 ae 7306 ( 22) 
SPAC Te 10 PLANTS M 1068.0000 50.8571 4.7884 22.9286 ( 24) 
cOomP 2 MIXTURE 1068 .0000 50.8571 6.7884 22.9286 ( 21) 
CUL 7 NORQUAY 3418.0000 429.5362 5.7512 33.0758 ( 63) 
SPAC ee 204 PLANTS M 462.0000 511.3333 6.0415 36.5000 ( s) 
comp 2. MIXTURE 462.0000 51,3333 6.0415 36.5000 ( 9) 
SPAC Zin 3 CM SPACING 612.0000 51,0000 6.4721 20.0000 ( 12) 
comp 1 MONOCULTURE 311.0000 51.8333 3.9200 15.3667 ( 6) 
APPENDIX 6& 03/16/82 PAGE 48 
CRITERION VARIABLE EL 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
come 2 MIXTURE 301.0000 50.1667 5.1929 26.9667 ( 6) 
SPAC ai © CM SPACING 288.0000 48 0000 3.6332 13.2000 ( 6) 
COMP ie MONOCULTURE 288.0000 48.0000 36332 13.2000 ( 6) 
SPAC 4. 44 PLANTS M™ 359.0000 51.2857 7.1348 50.9048 ( ap 
COMP 1 MONOCULTURE 359.0000 51.2857 Tae 50.9048 ( 7) 
SPAC 5. 28 PLANTS M 411.0000 51.3750 5.0125 25.1250 ( 8) 
COMP 2, MIXTURE 411.0000 51.3750 5.0125 25.1250 ( 8) 
SPAC 6 17 PLANTS M 733.0000 48.8667 5.8416 34.1238 ( 15) 
COMP 2 MIXTURE 733.0000 58.8667 5.8416 agit 21316 ( 15) 
SPAT GD 10 PLANTS M 553.0000 46.0833 6.3598 40.4470 ( 12) 
COMP 1 MONOCULTURE 278.0000 4€ 3333 6.7725 45.8667 ( 6) 
COMP 2 MIXTURE 275.0000 45.8333 6.5549 42.9667 ( 6) 
CUL 8 NB701 12276 .0000 67.0820 9.6878 83.8559 ( 183) 
SPAC 1 204 PLANTS M 184.0000 73.9600 CP Sens 58.0400 ( 25) 
COMP 2 MIXTURE 1849 .0000 73.9600 7.6184 58.0400 ( 25) 
SPAC oe 3 CM SPACING 2323.0000 72.5938 8.5755 73.5393 ( 32) 
comp ze MIXTURE 2323.0000 72.5838 8.5755 73.5393 ( 32) 
SPAC 3 9 CM SPACING 1661.0000 68.2083 8.2566 68.1721 ( 24) 
comp on MIXTURE 1661.0000 69.2082 8.2566 68.1721 ( 24) 
SPAC 4. 44 PLANTS M 2064 .0000 66.5806 12.8368 164.7849 ( nie) 
COMP 25 MIXTURE 2064.0000 66.5806 12.8369 164.7843 ( 21) 
SPAC 5. 28 PLANTS M 1184.0000 65.7778 5.9856 35.8301 ( 18) 
COMP Py MIXTURE 1184.0000 65.7778 5.9858 35.8301 ( 18) 
SPAC 6 17 PLANTS M 1481.0000 61.7083 5.8717 34.4764 ( 26) 
COMP 2 MIXTURE 1481.0000 61.7083 5.8717 34.4764 ( 24) 
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CRITERION VARIABLE 
VARIABLE 
SPAC 
Comp 


TOTAL CASES = 
MISSING CASES = 


APPENDIX 6 


FILE WP 77 


CRITERION VARIABLE 
BROKEN DOWN BY 

BY 

BY 


VARIABLE 


EL 


CODE 


is ts 8 12 


KH 
CUL 
SPAC 
COMP 


CODE 


FOR ENTIRE POPULATION 


CuUL 
SPAC 
COMP 
come 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 


N= 9 Naw 


(CREATION DATE = 03/16/82) 


03/16/82 
VALUE LABEL SUM MEAN STD DEV 
10 PLANTS M 1714,.0000 §$.1034 4.8355 
MIXTURE 1714.0000 §$.1034 4.8355 
chet) (lege 
03/16/82 
Te Poet Oe N On IF Se US B PaO EU SC Ae teen ONS fre |p 
NUMBER OF KERNELS PER HEAD 
CULTIVAR 


INTER-PLANT SPACING 
TREATMENT 


VALUE LABEL SUM 

48S96.7601 
GLENLEA TSE SEEN 
204 PLANTS M OZ) ec Giee vier: 
MONOCULTURE Sion emlnenty 
MIXTURE 441.5611 
3 CM SPACING 1200.7261 
MONOCULTURE 409.7738 
MIXTURE 790.9523 
gs CM SPACING 1301.4760 
MONOCULTURE 423.0904 
MIXTURE 878.3856 
44 PLANTS M 1173.9508 
MONOCULTURE LUPE JS ease 
MIXTURE 655.8287 
28 PLANTS M S15). 89 G2 
MONOCULTURE 681.8582 
MIXTURE 234 ,0400 


17 PLANTS M 1078 4954 
MONOCULTURE SS). 
MIXTURE asi. 


10 PLANTS M MAS Sie O'S 357, 
MONOCULTURE BiSieene alte 


STD DEV 


30.0464 


WR re ble} 
(hGH Sicrrole 
14.6860 
6.5124 


7.8346 
V/s RES 
7.0085 


9.2065 
§.$363 
$.7925 


8.6402 
3.0768 
11.6256 


8.3218 
6.8754 
Wie har eG 


16.6603 
Hee Mes Gir, 
21.0505 


34.1988 
14.3582 


PAGE 4s 

VARIANCE N 
23.3818 ( 29) 
23.3818 ( 29) 
PAGE 50 

VARIANCE N 
802.7861 { 1028) 
303.8510 ( 178) 
120.5301 ( 23) 
215.6784 ( 1 
@2.46118 ( 12) 
61.3806 ( 34) 
61.6781 ‘ 12) 
49.1194 ( 21) 
84.7600 ( 35) 
35.2402 ( 13) 
85.8934 ( 22) 
78.1480 ( 28) 
8.4798 ( 13) 
135.1542 ( 15) 
69.2518 ( 20) 
CY Gea: ( 15) 
51.5324 ( 5) 
348.2073 ( 18) 
147.2980 ( 12) 
443.1220 ( 7) 
1168.6233 ( 19) 
206.1591 ( 8) 
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APPENDIX 6 


CRITERION VARIABLE KH 


VARIABLE 


comp 


CuUL 
SPac 
comp 
COmMP 


spac 
COMP 
Comp 


SPAC 
COMP 
comp 


SPAC 
comp 
COMP 


SPAC 
COMP 
COMP 


spac 
COMP 
comp 


spac 
COMP 
COMP 


CuL 
SPAC 
Comp 


SPAC 
comp 


APPENDIX 6 


CRITERION VARIABLE KH 


VARIABLE 


sSPaCc 
comp 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
comp 


SPAC 
COMP 


CuL 
SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
come 
COmP 


SPAC 
COMP 
COMP 


SPAC 
Comp 


CODE 


N-W 


CODE 


N-N No--W 


N=-W 


VALUE LABEL 
MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


8 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M™ 
MONOCULTURE 
MIXTURE 


TOMOOS002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


8s CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


Aly ee tion M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NOROQUAY 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


9 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


e836. 


8571. 
733 
162. 
570 


1188 


VALLES 


1286. 
471 
815 


1191 
464. 
The A 


1380. 
TOT 
670. 


1362 
679 
683 


1426 
ada 
655 


s195 
s48. 
548. 


793. 
7933. 


724. 
724 


are 
779 


see 
8se. 


1003 
1003. 


459 
4s9. 


5843. 
$37 
aS7. 
4c. 


662 
333 
326. 


628. 
365. 
462 


1096 
461 
615 


S60. 
S60. 


SUM 


7625 


1043 


.3737 


9167 


- 4570 


-7334 
415. 


$107 
8227 


SE2E6 


van pie 
7464 


-1323 


2373 
6951 


8783 
8634 
0149 


-§421 
-5418 
-0003 


- 4820 
- 1532 
-3288 


-4514 


1642 
1642 


1975 
WAS 


SUM 


7881 
THEY | 


38S2 


- 3892 


2067 
2067 


6302 
302 


.9085 


go8s 


3641 
OobS90 
2€66 
8023 


.3023 


4785 
8236 


3916 
8250 


S666 


7240 
ue Sale! 


.6023 


1983 
1953 


76 


61 
29 


2s. 


31 


40. 
- 2680 
.7873 


39 
40 


42. 
42. 
.7585 


42 


(Miter 


47 


$2. 
-2724 
-$385 


52 
$2 


54. 
Ss. 
50. 


ao. 


27 
27 


36 
36 


03/16/82 


MEAN 


-O633 


-6073 
.3349 
27. 
30. 


1826 
0241 


7433 


-9931 
26. 


6601 


2176 


5404 
2034 


6165 


-3808 
a7. 


8582 


4oss 


8647 
3185 
4099 


2748 


. 4082 


4082 


-0544 
0544 


03/16/82 


MEAN 


.2378 
2378 


- 8464 


8464 


6425 


6425 


1971'S 


sai 


6099 
goes 


5789 
4E77 
O792 


.3054 


~1181 
10532 
.€931 


.0170 
-§825 
.-5820 


6194 


.7383 
47 Sit 


.6829 
68629 
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36. 


1 


ogwuw 


oo 


¥2. 
. 2528 
14. 
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- 5596 
.7495 
- 2962 
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2992 


$420 


.8284 
oA 
.$149 
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- 4827 
.1314 


.Osso 
. 8000 
-5736 


. $526 
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- 8067 
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-4187 
4167 
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$306 


5679 
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. 8530 
. 8530 


8SOE 
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5.75.4 
$751 


9821 


Tes EAS 


6646 
2299 


4024 
oe heey 
08390 


set aie) 


6952 


-1440 


o703 
$372 


5054 


.O792 
ALS 


VARIANCE 


1465. 


237. 


73. 
33. 
86 


73. 
S44. 
80°. 


181. 
39. 


223. 


61. 
36 
78. 


112 
108. 


123. 


258. 
ATG: 
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3sé. 
120. 


6e6s. 


2468 
6é. 
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st fan 
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3398 
2675 
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.4190 


1056 
4827 
7633 


2696 
os7i 
2620 


23397 
1441 
4746 


.5281 


886s 
so70 


1765 
6404 


cain w 


1057 
4028 
88664 


- 2016 


6365 
6365 


6188 
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ANCE 


o624 


0624 


W732 
Sey eaiee 


7887 
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3462 
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$329 
$329 


2€31 


-5184 


4163 
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Ae see? 
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.2155 


6135 
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APPENDIX 6 


CRITERION VARIABLE KH 


VARIABLE 


SPAC 
comp 


sPac 
COMP 
COMP 


CUL 
SPAC 
compe 


SPAC 
COMP 


SPAC 
comp 


SPAC 
Comp 


SPAT 
comp 


sPac 
come 


SPAC 
COMP 


CUL 
sPac 
comp 
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COMP 


APPENDIX 6 


CRITERION VARIABLE KH 


VARIABLE 
comp 


SPAC 
COMP 


SPAC 
comp 


SPAC 
comp 


SPaAC 
COMP 


SPAC 
COMP 
COMP 


CUL 
SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
comp 


SPAC 
compe 


SPAC 
COMP 


CODE 


- 


N= 


CODE 


Ny 


N-4 


VALUE LABEL 


17 PLANTS ™ 
MONOCULTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOSO0O2 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


$ CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MONOCULTURE 


VALUE LABEL 
MIXTURE 


¢ CM SPACING 
MONOCULTURE 


24 PLANTS M 
MONOCULTURE 


2& PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


NB701 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


Ss CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


413. 
413. 


1285 
4gs. 
Boi. 


6878. 
S97. 
S597 


700 
700. 


64s. 
645. 


BOE. 
606 


NOFA 
1071 


1468. 
1468. 


1787. 
Az Bichs 


3758 
246 
246 


436 
276. 


159. 


SUM 


3506 
3506 


-3313 


5719 
7594 


4120 
2833 


. 2833 


2285 


2285 


1880 
1880 


5974 
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$321 


-$321 


1852 
1852 


$973 
s9s73 


. 2950 
.0833 
-0833 


-5273 


7083 


SUM 


81390 
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4269 
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-2297 
sue ao aay, 
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§1 
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31 
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43 
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41 
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46 
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57 


73 
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1824 
1824 
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7378 
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-6712 


- 8508 
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.7191 


sie 
.0170 


VARIANCE 


§3 


SEE ete! 


- 38690 
3&90 


4745 
4749 


S4ES 
S469 


4613 
4613 


8056 
~ASirt 
2982 


- 7462 
2801 
. 2901 


4757 
4757 


~ 3725 
(3025 


.- 6650 
6650 


.6068 
.-6068 


. 8555 
e555: 


PAGE 


PAGE 


54 


ge 4 
lana Ye 
ta << 
D) hie 











ec 
© est 
2°68 
eq) 3 
io4 = 
a) my 
op ee sae 
ve —® 
:-@ m6 
Oa%are 
oo be 
¢ , 
“a a 
ve ry 
ss 
ae ot 
7 a 
CT ms 
Fed ‘ 
§a% 
ow Se 
a 
‘ ; 
y a 
‘ q 
| 
oe i ts 
rr ey 


ee 


egy i 
eel @56i1 
¢ amen 


wes? oa! 


re 
rath ae 


oo 7 7 
ws a rn 


5 


a , 
gre, oevay) oo 
7 


= Bown 20 hy 
5 el One ae 


sae eben 


atid bentest 
@ 706 <@ ‘Os; 
tewteru 


fe 3yet—a f 
omanikw 


oo, 36°82 &/ © 
ern ol 


>e 4 
ie Pie Tia 


e’¢ ; & 
¥0¢ -gb(w« 


* STRL 8 Ge 
ce @? 42ers 


6 ¢=S4.* oF 
er) 


“ (fete? 7 
m0 pe 
‘ 

@ 99 ee8 oF 

és 6 


<4 en 
ee . 


pia : 
t : 




































- 
ay an 


’ @ ‘ . 
av 
é a. 
wae 
‘ 
LA 
; - i 
. : : 
. om, 
v ~ 
’ 
e } 
, 
+ 
¢ 
» 
‘’ 
ae 
ic? oa Se 
ads - ia | 


—_—— 
a 


APPENDIX 6 


03/16/82 
CRITERION VARIABLE KH 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
gta bis 10 PLANTS M 2861.8361 88.6875 99.6057 
2 MIXTURE 2861.8361 88.6875 93.6057 
TOTAL CASES = 1080 
MISSING CASES = 51 OR A27 (PCT. 
APPENDIX 6 03/16/82 
FILE wWP77 (CREATION DATE = 03/16/82) 
Seow AME yaa a= Ss De EeeSe CeRwts iP: unin OMN Omir SHUN BPs 0; (Po A) tat Oe NaS - - 
CRITERION VARIABLE YH SEED YIELD PER HEAD G 
BROKEN DOWN BY CUL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY COMP TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
FOR ENTIRE POPULATION 1868.03983 1.8071 1.0326 
CUL Di GLENLEA 385.0532 2.1282 ©.8522 
SPAC i ts 204 PLANTS M 41.8094 1. S078 ©.4814 
COMP 1 MONOCULTURE 16.9426 tere rare ant ©,.58468 
comp 5) MIXTURE 22.8669 1.9056 ©.3673 
SPAC 20) 3 CM SPACING GO 87 71 fr OS 0.4431 
COMP he MONOCULTURE 20.6356 1.5874 ©.4664 
COMP ye MIXTURE 40.2415 Ae Sa hiOnet 0.3872 
SPAC 3 9 CM SPACING 65.6227 1.8749 ©.5290 
COMP fg MONOCULTURE 20,5213 1.5786 ©.4082 
COMP ae MIXTURE 45.1013 2.0501 0.5210 
SPAC 8 44 PLANTS M 60.3123 20 Wed 0.5411 
cOmMP nh MONOCULTURE 25.6163 1.9705 ©.2055 
COMP 2 MIXTURE 34.6360 Sale si5 0.7028 
SPAC Se 28 PLANTS M 43.8273 2.1914 ©.4073 
COMP 1". MONOCULTURE 32.5053 Beart 0.4190 
COMP 2 MIXTURE WA 2 14 2.2643 ©.4056 
SPAC Se 17 PLANTS M 54.5602 2.7280 ©.9471 
comP ie MONOCULTURE 31.4804 2.8223 0.6262 
COMP ae MIXTURE 23.0698 3.2957 1.2158 
SPAC Gh 10 PLANTS M 58.0442 3.0550 1.6421 
COMP ae MONOCULTURE 17.8886 Qe2ser 0.7544 


VARIANCE 


$921 


-2922 
$$21.2822 


VARIANCE 


Vs 


ooo ooo o9o0oo 


ooo 


O662 


7262 
CREP} 
3420 
1349 


1963 


ee 1a 


1499 


2793 


- 1666 
mora Ak ic} 


2828 
0422 


4940 


.1659 


1756 
1645 


-8971 


3921 


4783 


6964 


5691 
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APPENDIX 6 


CRITERION VARIABLE YH 


VARIABLE 


COMP 


CuL 
SPAC 
comp 
compe 


sPac 
come 
COMP 


SPAC 
COomP 
comp 


SPAC 
come 
COMP 


SPAC 
COMP 
COMP 


spac 
COMP 
comp 


SPAC 
COMP 
COMP 


CuUL 
spac 
COMP 


SPAC 
comp 


APPENDIX 6 


CRITERION VARIABLE YH 


VARIABLE 


SPAC 
COMP 


SPAC 
comp 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


CUL 
SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 


CODE 


Na4 N= 


N- PB 


CODE 


VALUE LABEL 
MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


S$ CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOSO002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


Ss CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


2& PLANTS M 
MIXTURE 


hie ANatoS 1M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


© CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


26. 


26 


PN 5 


25 


32 
32 


36. 


36 


15 
15 


255 
45 


ie is 


22 


30 


15. 
uth 


36 
16 


19. 


46 
18 
26 


24 
24 


SUM 


uh Uae 4 
St rd ae 


aiai29 
3329 


6414 
6414 


3441 
3441 


9043 
g043 


.0081 
4330 
$813 
4517 


0314 
3437 
6877 


. 6838S 
.6607 
$783 


oos2 
.8947 
1145 


3206 
3206 


03/16/82 

MEAN STD DEV 
3.6505 1.8786 
1.8765 0.5185 
1.0877 ©.3643 
0.9722 ©.2362 
Tedisizs 0.3932 
1.0908 0.3654 
1.1918 ©.3382 
1.0421 ©.3737 
1.4211 ©.4347 
1.3608 ©.2223 
1.4573 0.5256 
1.5701 0.3526 
1.4833 ©.3848 
1.6263 0.3297 
1.6705 0.3886 
1.6168 0.4481 
1.7280 ©.3476 
1.7992 ©.S5057 
1.8443 ©.3773 
1.7542 ©.6213 
1.8619 ©.6104 
1.9747 0.3194 
1.7482 ©,8041 
1.4333 0.5446 
0.9683 0.3434 
©.9683 0.3434 
1.3258 ©.3877 
1.3258 0.3877 

03/16/82 

MEAN STD DEV 
1.3059 0.4483 
1.3058 ©.4483 
1.4902 ©. 3240 
1.4902 ©.3240 
1.7180 0.3865 
1.7180 0.3865 
1.8172 ©.8051 
te Stig 2 ©.8051 
1.4458 ©.5110 
1.4458 ©.5110 
1.7708 ©. 8036 
1.2981 ©.394€ 
1.4363 ©.3132 
f cheai7 0.4255 
1.5016 0.4878 
1.7049 © 4866 
esa5:2 0.4415 
1.5930 0.3577 
1.6661 0.3223 
1.5368 ©.3858 
1.7040 0.5187 
1.8086 0.4112 
1.6322 0.8831 
2.0267 0.4921 
2.0267 0.4821 


VARIANCE 


OG O10' = OOO O10! 910700 101.010 000 0090 eoo0oo w 


oo 


.§285 


- 2689 
-1326 
-O556 
- 1546 


-1335 
mi a Sint 
- 1396 


- 1880 
04834 
eTiom 


1243 
- 1481 
- 1087 


7 1597 
- 2008 
- 1206 


- 2557 
-1423 
- 3860 


.3725 
. 1020 
-6465 


.- 2865 
= ae 
otis 


. 1503 
- 1503 


VARIANCE 


-2018 


2018 


1050 
1050 


1494 


1494 


6482 


-6482 


2611 


o Zio til 


6457 
1557 


.0S81 


1811 


.2379 


2368 


.1950 


» 1280 
. 1039 


1488 


2690 


1691 


.3401 


Reece 
.2422 
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APPENDIX 6& 


03/16/82 PAGE 59 
CRITERION VARIABLE YH 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
SPAC 6. 17 PLANTS M 18.8488 22561 0.7395 ©.5469 ( 8) 
cCOomP ue MONOCULTURE 18.8488 2.3861 ©.7385 ©o.S546S ( 8) 
SPAC ae 10 PLANTS M §3.7261 oa st dehy) 1.3196 1.7419 ( 19) 
comp Ves MONOCULTURE 21.0710 2.3412 ©.4937 0.2437 ( 9) 
CcOomP 2% MIXTURE 32.6550 3.2655 1.6785 2.8175 ( 10) 
CuUL Le 7TOMOOS002 289.7246 2.2635 1.4769 Sete ( 126) 
SPAC ie 204 PLANTS M 26.3803 1.4656 ©.3716 0.1381 ( 18) 
comp eae MIXTURE 26.3803 1.4656 ©.3716 0.1381 ( 
SPAC 2G 3 CM SPACING 31.4884 1.4300 ©... 8' 2.47 0.2722 ( 22) 
COMP 5 MIXTURE 31.4594 1.4300 078217 ©.2722 ( 22) 
SPAC 3. S$ CM SPACING 28.8265 1.8017 ©.8002 0.6403 ( 16) 
COMP Zn MIXTURE 28.8265 tr 8.07: ©.8002 0.6403 ( 16) 
SPAC 4. 44 PLANTS M CSE} wits es 2.1859 ©.48és ©.2387 ( 12) 
COMP rx MIXTURE 25.8712 2.1559 ©.4885 0.2387 ( 12) 
SPAC 5. 28 PLANTS M 43.0823 2.3935 Use he 1.2706 ( 18) 
COMP 2a MIXTURE 463.0823 2.3835 Avediedie 1.2706 ( 18) 
SPAC 6. 17 PLANTS M 61.0168 rade et 1.7383 3.0216 ( 22) 
comp aie MIXTURE 61.0168 2.7735 1.7383 3.0216 ( 22) 
SPAC Bhi 10 PLANTS M 72.0881 3.6544 2.2556 5.0875 ( 20) 
compe 25 MIXTURE 73.0881 3.6544 2.2556 §.0875 ( 20) 
CUL ee NORQUAY 134.9329 2.0759 1.2833 G6 32,7 ( 6s) 
spac tice 204 PLANTS M 8.3865 iS oe} ©.1884 ©.0355 ( 8) 
comp FR MIXTURE 8.3865 ys ase! 0.1884 ©.0355 ( &) 
SPAC 725 3 CM SPACING 16.4670 1.49870 ©.4180 0.1747 ( lee? 
COMP is MONOCULTURE 10.3046 Win where) 0.4135 OF 1710) ( 6) 
APPENDIX 6 03/16/82 PAGE bo 
CRITERION VARIABLE YH 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEY VARIANCE N 
COMP A, MIXTURE 6.1624 Pa reeiestss 0.2504 ©.0627 ( S72 
SPAC Si os CM SPACING ‘i ns Ree Ait) 15 82'S: ©.6061 Ose 7a ( 6) 
COMP 1 MONOCULTURE Un GRAY 1.8895 0.6061 Ole Gn ( 6) 
SPAC 4. 44 PLANTS ™ 1. 73.6.6 1.9561 ©.4660 Ord het ( 6) 
cOomMP Ve: MONOCULTURE Ve ers 1.8 5:65) ©.4660 Ole Wiel ( 6) 
SPAC 5 26 PLANTS M onmoOege: 2, 1558 0.6594 0.4347 ( ay 
COMP Zz MIXTURE 15.0878 PEC} ©o.65394 0.4347 ( 7) 
SPAC Gm 17 PLANTS M 36.6513 2.4434 1.9441 = eer fi AY ( 15) 
COMP res MIXTURE 36.6513 2.4434 1.9441 Si aiticio i Sa 
SPAC Fh 10 PLANTS M 34.2666 79 (SOE 1.5 S28 2 TONE ( a her Be 
cOomP 1 MONOCULTURE 20.8884 3.4814 dissOagpou 2, 60S'2 ( 6) 
COMP 2 MIXTURE Tistans yee, Zeer 1.2650 1.6003 ( 6) 
cUL é NB701 414.3394 2.3018 1.2368 S297) 180) 
SPAC 1 204 PLANTS M 45.8612 1.8344 C. 2239 0.0547 ( 25) 
comp 2 MIXTURE 45.8612 1.8344 Omesicis 6.0547 ( 253 
SPAC 2 3 CM SPACING S5.3091 1.7842 oe) eee 0.1437 ( <p} >} 
COMP Za MIXTURE $5.3051 iy A OF S81 0.1437 ( esta: 
SPAC 3. 8 CM SPACING 47.9673 1.9986 0.3191 0.1018 ( 24) 
comp Zi. MIXTURE 47.9673 1.9986 Oana t 0.1018 ( 24) 
SPAC 4. 44 PLANTS M 65.4665 che i eae ©.6851 0.4693 ( 30) 
COMP 2. MIXTURE 65.4665 Dente vei: °o.6851 ©.465S3 ( 30) 
SPAC Ly 28 PLANTS M 41.6559 2.3142 ©.6151 ©.37683 ( 18) 
COMP 2. MIXTURE 41.6559 2.3142 0.6151 0.3783 ( 18) 
SPAC 6. 17 PLANTS M 64.4361 2.8016 1.1684 1.3652 ( 23) 


COMP Py, MIXTURE 64.4361 2.8016 1.1684 1.3652 ( 23) 


‘sgt 


oa | Ae wh 





APPENDIX 6 
CRITERION VARIABLE 
VARIABLE 
spac 
comPp 


TOTAL CASES 
MISSING CASES 


APPENDIX 6 


Fomcie WP77 


CRITERION VARIABLE 
BROKEN DOWN BY 

BY 

BY 


VARIABLE 


FOR ENTIRE 


CUL 
SPAC 
compe 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
cOmMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 


YH 


CODE 


(CREATION DATE = 


Der Sa Caar 


KWT 
CuUL 
SPAC 
cOMP 


CODE 


POPULATION 


N-- WN 


03/16/82 PAGE 61 
VALUE LABEL SUM MEAN STD DEV VARIANCE N 
10 PLANTS M $3.6433 3.2281 2.4546 6.0250 ( 29) 
MIXTURE $3.6433 3.2291 2.4546 6.0250 ( 2'9)) 
46. Po Tie 
03/16/82 PAGE 62 
03/16/82) 
Met ng = ite fo} i Oo F Sree ar BS a es fe A ca rtd a Oh INS CB SS ACIS ie NI Regie CIRCE oC CER ts rs 
WEIGHT PER 1000 KERNELS G 
CULTIVAR 
INTER-PLANT SPACING 
TREATMENT 
VALUE LABEL SUM MEAN STD DEV VARIANCE N 
42569 .7874 41.2498 Th PENS 53.2866 ( 1032) 
GLENLEA 6851.0077 439.7248 S$ .0482 25.4840 ( 178) 
204 PLANTS M Talis, Wib38:5: ls ea 3.1304 Ch AEBS ( 25) 
MONOCULTURE SiSiSi. salon Ses WS EE) 3.79 7.4 149.4201 ( 109 
MIXTURE 620.8534 ils ZARAS 2.4468 §.98665 ( Nincen 
2 CM SPACING Wait! Sees §°0.5098 4.4477 19.7824 ( 34) 
MONOCULTURE 650.0408 50,0031 Se als 30.9445 ( 13) 
MIXTURE NOG? 29 2/9 SOmoeieS) ef ERC! 13.8041 ( 2 
8 CM SPACING 1785.1987 $0.1485 Sia Sis 323.5645 ( 35) 
MONOCULTURE 621.7048 47.8234 i} oles 43.8656 ( 13) 
MIXTURE 1133.4939 51.82 2)5 4.8941 23.9522 { 22) 
44 PLANTS M WSUS Wiss Bie 49.2549 6.5280 42.6150 ( 28) 
MONOCULTURE 641.9000 49,3769 Ds eemeht sy 5.5525 ( 13) 
MIXTURE 737.2362 439.1492 iy REA) PU eT He ( 1/57) 
28 PLANTS M 956.7877 47.8399 2.1878 4.7864 ( 20) 
MONOCULTURE 715.7428 Oil nies gue 201s 4.9326 ( Wy} 
MIXTURE 241.0549 48.2110 #34 2ENEUS) hoa ace) ( 5) 
17 PLANTS M 92952983 48.9104 7.0853 50.2019 ( 9) 
MONOCULTURE 663.1059 50.2568 Ban woe: 45.9056 ( Tne) 
MIXTURE 326.1924 46.5989 Tiree 56.5754 ( pi 
10 PLANTS M §$34.0726 43,7617 3.1446 §$.8884 ( 19) 
MONOCULTURE 407.6655 50.9582 3.2856 VOR 73'S ( &) 
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CRITERION VARIABLE KWT 


VARIABLE CODE 
COMP ae 

cUL 3. 
spac ‘hs 
COMP ae, 

come (35 

SPac er 
Comp 12 

comp 25 

spac Sho 
Comp 1 

comp 2 

SsPaAC 4 
Comp Wes 

cOmP Za 

sPAC 5S. 
cOomP 5 

COMP Ci 

SPAC 6. 
comp ie 

Comp 2 

SPAC ire 
comp ie 

cCOmP 2 

CuL 4. 
sSPAC Wis 
COMP 2 

spac Za 
comp 25 


APPENDIX 6 


CRITERION VARIABLE KWT 


VARIABLE CODE 
sPac Es 
comp 4 5 
SPAC 4. 
COMP 2 
SPAC 5. 
COMP 2 
SPAC 6 
comp 2 
SPAC Ti 
COMP 2 
CUL Sis 
SPAC es 
COMP di. 
COMP Zs 
SPAC es 
COMP le 
cOmP Ze 
SPAC Si 
COMP ee 
comp 25 
SPAC 4. 
COMP te 
COMP 2 
SPAC or 


COMP 


VALUE LABEL 
MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


9 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOOS002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


9 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


2€ PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NOROUAY 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


Ss CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


526 


7397 
$23 
213 
715 


1465 
488. 
976. 


1137. 
420 
716 


1033 
383. 
649 


1031 
521 
509 


904 
461 
443 


ese. 
436. 
460. 


4622. 
703. 
703. 


814. 
B14. 


72é 
Wie 


Sos. 
595. 


701 
701. 


Tia 
711 


3EE 
366 


6398 
1589 
efEIE) 
eso. 


$42. 
415 
S26 


1023. 
4s7. 
S65 


PUG is 
471 
675 


529, 
Lest) - 


SUM 


-4071 


.8455 
4865 
-§884 
. 8861 


21311 


$231 
2080 


2260 


-7538 
-4722 


-5188 


8460 


-6698 


.6960 
eee 
.9173 


- 4805 
.48736 
. 0068 


30g5 
1244 
1851 


2841 
2322 
2322 


6532 
6S32 


suUM 


6205 


6205 


g857 
g8s7 


$160 
$160 


0827 


O'S 27 


793é 
793368 


3223 


7 


4g956& 
1053 


3737 
6354 
7442 


1319 
1795 


.9524 


2085 
4551 
7534 


2206 
2206 


a4 
ag 


03/16/82 
MEAN STD DEV 
-8552 2.40468 
. 7384 5.1862 
.1795 4.9425 
- $997 3.3896 
.6783 5.3184 
.7348 5.5786 
.$231 Wo Wes 
. 1559 4.3286 
-5383 4.8792 
-O628 5.3410 
-8236 4.8690 
elt 4.8855 
.8951 §.9825 
.2189 3.6476 
.§757 6.5942 
ae oe 8.75493 
.4227 Rin aifelabes 
Te 5.0639 
- 4980 4.0245 
.0775 6.0112 
.4734 3.4744 
-5880 2.8678 
-3989 3.8819 
-8317 §.1398 
. 1616 §.1885 
- 1616 5.1885 
.O297 4.5510 
.0297 4.5510 
03/16/82 
MEAN Seo EN 
42310 So Siti 
4310 Sin SibitiS 
.O580 ed WhO 
os8s0 Hie SAGO 
.§429 2.7442 
94293 2.7442 
554i 4.8004 
5541 4.8004 
3449 7.82668 
3449 7.8268 
1264 4.9006 
aes 3.5845 
need ee: 2.08899 
.74824 4 4246 
Vo? pre 5.1860 
eahira, 2.2936 
.8954 6.48593 
-4840 Sheen 
.7180 2.0408 
-5348 Sa Oidco 
4&°2 6.2457 
.85S96 6.9602 
. 2346 SaiSizis.7: 
1017 4.0125 
1017 4.0125 


VARIANCE 


27) 


an 


31. 
57. 
13). 


24. 
28. 
23. 


23. 
35. 
ISA 


-7828 


0004 
24. 


4284 


- 4887 
28. 


2850 


1204 
2042 
T7365 


7326 
S268 
7071 


8E78 
7901 
3050 


- 4834 
-6486 
6183 


6434 
- 1867 
-1341 


-O714 
-2243 
.O6390 


4181 


-O247 
0247 


out sh 
eh 


VARIANCE 


.6832 
-6832 


4s05 
4505 


5308 


».5308 


0438 


-0O436 


2581 
2561 


©0162 
8453 


. 3678 
MATA) 


-§846 
- 2604 
-O663 


- 8773 
-1649 
> vad 


.0089 


2443 


. 14896 


1002 
1002 


PAGE 


PAGE 


=a 


Ai) 
12) 
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APPENDIX 6 


03/16/82 PAGE 65 
CRITERION VARIABLE KWT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
SPAC 6. 17 PLANTS M 361.5846 45.1981 6.7857 46.0455 &) 
COMP ili MONOCULTURE 361.5846 45.1981 6.7857 46.0455 8) 
SPAC in 10 PLANTS M 805.1919 42.3785 5.3964 29.1215 18) 
comP AG MONOCULTURE 381.2081 42.3565 5.3179 28.2787 3) 
COMP Ze MIXTURE 423.9838 42.3984 5.7537 33.1045 10) 
CUL 6. 7OM009002 5505 .6012 43.3827 5.68913 32.3903 127) 
SPAC ie 204 PLANTS M 817.0190 45.3899 6.4339 41.3946 18) 
comP on MIXTURE 817.0180 45.3899 6.4339 41.3946 18) 
SPAC Ze 3 CM SPACING 1008.1300 45.8241 4.7854 22.9000 22) 
COMP 2 MIXTURE 1008,.1300 45.8241 4.7854 22.9000 22) 
SPAC 300 8 CM SPACING 714.0318 44.6270 5.6788 32.2483 16) 
COMP 2s MIXTURE 714.0318 44.6270 5.6788 32.2483 16) 
SPAC 4. 44 PLANTS M 514.9796 42.9150 5.3435 28.5530 12) 
COMP o. MIXTURE 514.9786 82.9150 5.3435 28.5530 12) 
SPAC Ss 28 PLANTS M 727.0364 40.3908 5.9079 34.9035 18) 
comp ae MIXTURE 727.0364 40.3908 5.9079 34.9035 18) 
SPAC 6. 17 PLANTS M 890.3558 42.3979 4.6556 21,6742 21) 
COMP 20 MIXTURE 890.3559 42.3979 4.6556 21.6742 250) 
SPAC 7: 10 PLANTS M 838.0485 41.9024 5.6820 32.3984 20) 
COMP 2 MIXTURE 838.0485 41.9024 5.6920 32.3984 20) 
cUL Te NORQUAY 2374.6733 36.5334 5.0738 25.7431 65) 
SPAC ‘ln 204 PLANTS M 312.4172 35.0521 4.1520 Aigiezssi2 8) 
COMP 2. MIXTURE 342), 4.172 38.0521 4.1520 lae2 sez 8) 
SPAC 25 3 CM SPACING 418.3873 Ae), PAG 2.9215 8.5354 11) 
COMP he MONOCULTURE 225.1768 37.5295 3.2046 10.2694 6) 
APPENDIX 6€ 03/16/82 PAGE 66 
CRITERION VARIABLE KWT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
COMP P MIXTURE 194.2105 38.8423 2.7065 ea ead 5) 
SPAT 3 8 CM SPACING 2Osmenrel2 33,9789 7 S10 51.1364 6) 
COMP ih MONOCULTURE 203.8732 33.9788 7.1510 51.1364 6) 
SPAC 4 44 PLANTS M 21¢.8698 36 6450 6 6840 44,6757 6) 
COMP 1 MONOCULTURE 218.8695 36.6450 —.6840 44.6757 6) 
SPAC 5. 28 PLANTS M 264.9277 37.8468 J gO 12.4658 7) 
COMP 2 MIXTURE 264.9277 37.8468 35.307 12.4658 7) 
SPAC 6 17 PLANTS M 527.0554 35.8037 4.6428 21.5563 15) 
COMP 2 MIXTURE 537.0554 35.8037 4.6425 2 ss 6m 15) 
SPAC 7 10 PLANTS M 417.1427 34.7618 6.1072 37.2980 12) 
COMP 1 MONOCULTURE 225.4355 37.5726 a726 7 13.8882 6) 
COMP 2 MIXTURE 191.7072 31.9512 7.0148 42.2074 6) 
CUL é NB701 7416 .0633 40.8727 5.8690 34.4457 181) 
SPAC Ve 204 PLANTS M 1061.6586 42 4664 3.7838 a eshiral 25) 
COMP oh MIXTURE 1061.6588 42.4664 Eh SiBEIS 14.3171 25) 
SPAC 2. 3 CM SPACING 1358.1026 42.4407 5.1420 26.4404 22) 
COMP hi, MIXTURE 1358.1026 42.4407 5.1420 26.4404 32) 
SPAC 3 9 CM SPACING 1047.5367 43.6474 4.3314 1A. TBI2 24) 
cOMP e)., MIXTURE 1047,.5367 43.6474 4.3314 Sew icuie 24) 
SPAC a 44 PLANTS M 1237,6341 41.2545 4.2021 1726573 30) 
COMP ae MIXTURE 1237.6341 41,2545 ain zany 17.6573 30) 
SPAC se 2& PLANTS M 733.9242 40.7736 6.0767 36.9258 18) 
COMP Be MIXTURE 733.9242 40.7736 6.0767 36.9256 18) 
SPAC 6 17 PLANTS M 896 3368 38.9712 5.6575 32.0074 23) 
COMP Ph MIXTURE 896.3368 38.8712 5.6575 32.0074 Pa) 
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APPENDIX 6 


CRITERION VARIABLE KWT 


VARIABLE CODE 
SPAC iho 
come 2 
TOTAL CASES = 1080 
MISSING CASES = 4&8 OR 


APPENDIX 6 
[wouye{s WPT, 


CRITERION VARIABLE 
BROKEN DOWN BY 

BY 

BY 


VARIABLE 


FOR ENTIRE POPULATION 


CUL 
SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
COMP 
cOMmMP 


SPAC 
come 
comp 


SPAC 
COMP 
COMP 


SPAC 
COMP 
COMP 


SPAC 
cOomMP 


fy tS Be fe 


HI 
CUL 
SPAC 
Compe 


CODE 


N--WN 


rs Nou Nob = 


(CREATION DATE = 03/16/82) 


03/16/82 
VALUE LABEL SUM MEAN STO DEV 
10 PLANTS M 1080,8&7023 cTecdsie set hit} oe heyys 
MIXTURE 1080.8703 37.2714 8.3333 
Crety Tsar 
03/16/82 
he ee e Mok ad ORE YY Je ia Tey Te TY TR IN ae Ne ste ith G3 Cod 
HARVEST INDEX 
CULTIVAR 
INTER-PLANT SPACING 
TREATMENT 
VALUE LABEL SUM MEAN S70) BEX 
7090.3000 6.8771 47) 6.7 biz 
GLENLEA 685.8161 3.8314 2.04685 
204 PLANTS M 106.5466 4.6325 pete as ee 
MONOCULTURE See aias ar) Sze 1.48668 
MIXTURE 49.0028 4.0836 ©. 5307 
3 CM SPACING 15806169 4.6652 2. 1069 
MONOCULTURE 70.8353 5.44893 aoe 
MIXTURE 87.7815 4.1801 1.0420 
9 CM SPACING 150.3601 4.2960 35, TiWeai ie 
MONOCULTURE 66.5879 Se Weer 2078663 
MIXTURE Veli ahaa 3.80768 1.4260 
44 PLANTS M 108.2077 3.8646 3.1384 
MONOCULTURE 42.6167 Se ee oO. S5'5)5: 
MIXTURE assay 4.3727 4.2768 
28 PLANTS M 58.9322 2.9466 0.3907 
MONOCULTURE 45.9526 3.0635 ©.3804 
MIXTURE 1253796 ra EASEN ©.1168 
17 PLANTS M Mey a ile AS) 2.7804 0.4550 
MONOCULTURE 36.9250 2.8404 ©.4082 
MIXTURE 18.6829 2.6690 o,54a79 
10 PLANTS M 47.5447 2.5024 11,0789 
MONOCULTURE 24,8729 3.O071E 1 4Sis 


PAGE 67 

VARIANCE N 
70.4478 ( 237) 
70.4478 ( 23) 
PAGE 68 

VARIANCE N 
ares isis (eh Viele A AOR 1 
Vs AERIS) ( sch) 

Ve reas ( 23) 

Ze Os ( 2 Ne I) 
©.8663 t ieee 
4.4390 ( EMS 
$.3204 ( 137 
1.08568 ( ent) 
4.4152 { < Poy) 

Ga eR] ( 13) 
Ze Caio ( 22) 
$.8493 ( 28) 
0.1264 ( iets 
18.2908 ( U5) 
OT lesa! ( 20) 
0.1447 ( 15) 
O70 36 ( =) 
0.2070 ( 20) 
©.1666 ( nyec ti) 
0.3001 \ 7) 
1.1640 ( 19) 
2.0430 { a 8} 





APPENDIX 6& 


CRITERION VARIABLE HI 


VARIABLE 


COomMP 


CuL 
SPAC 
Comp 
compe 


SPAC 
cOmMP 
comp 


spac 
COMP 
COMP 


spac 
comp 
comp 


SPAC 
COMP 
COMP 


SPAC 
COMP 
comp 


SPAC 
COMP 
ComP 


CuUL 
SPAC 
COMP 


SPAC 
COMP 


APPENDIX 6 


CRITERION VARIABLE H1 


VARIABLE 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


SPAC 
COMP 


cCuL 
SPAC 
cOomMP 
COMP 


SPAC 
Comp 
COMP 


SPAC 
comp 
COMP 


SPAC 
comp 
COMP 


SPAC 
ComP 


CODE 


new N= 2b N= N-N 


n= 


CODE 


= N= 


VALUE LABEL 
MIXTURE 


PARK 

204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


8 CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 
MIXTURE 


17 PLANTS M 
MONOCULTURE 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


7OMOO9002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


VALUE LABEL 


8S CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 
204 PLANTS M 
MONOCULTURE 
MIXTURE 


3 CM SPACING 
MONOCULTURE 
MIXTURE 


Ss CM SPACING 
MONOCULTURE 
MIXTURE 


44 PLANTS M 
MONOCULTURE 
MIXTURE 


28 PLANTS M 
MONOCULTURE 


ie 


24593 


55 
140 


1704 


151 
51 
99 


105 
a4 
60 


104 


$4. 
43. 
.- 4440 


50 


103 


690. 
210. 
210), 


145. 
145. 


be. 


66 


a. 
a Gin 


63. 


63 


Sisi 
7445 


65 


41 


Chanh & 


WPIET 

292. 
.O6397 
year 


74 


554 
35 


519, 


100 


60 


eb 
41 


6s. 


4) 
4) 


SUM 


8718 


- 8824 
186. 
- $563 
444s 


4007 


.3878 
1479. 
224. 


7354 
6524 


-5544 
-8588 
. 6956 


. 2896 
S796 
-3100 


- 8810 
5s. 
4s. 


4854 
3956 


3217 
8776 


-O472 
5.75 
4s. 


1319 
$154 


1436 
7833 
7393 


3857 
3857 


SUM 


6497 


6497 


2048 
2048 


BSiTy 
49:74 


7445 


8625 


8625 


$454 
24397 


1800 
8683 


7108 
1576 


.0289 
3s. 


3403 
6879 


. 36914 
.6104 


7587 


9124 
S124 


03/16/82 


03/16/82 


MEAN 


STD DEV 


-2834 
. 2834 


2695 
28695 


$705 


-S705 


-O306 


O308 


3618 


- 3618 


&.7413 


wo 


4495 
4521 


13393 


4278 
ossi 
7214 


.5278 
+9333 
> Silas 


Pen e Wes 
- 0698 


$480 


.0334 


0334 


VARIANCE 


° 


8718. 
37 
te) 
27 


48646 


142880. 
<tr 


VARI 


10. 
10%. 


-2173 


©0083 


- 8602 


7TE8S 


-OS66 


-O586 


$129 


3941 


-7241 
.6583 
-2582 


-3244 
-4244 
-2349 


pat eid 
.0O3398 
- 2582 


- 7000 
- 4067 
-9135 


- 6482 
.1774 
.2719 


0561 
.3483 
-3483 


.3485 
-3485 


ANCE 


PAGE 


PAGE 





APPENDIX 6& 


CRITERION VARIABLE HI 


VARIABLE 


SPAC 
COMP 


SPAC 
comp 
COMP 


CUL 
sPac 
COMP 


SPAC 
COMP 


SPAC 
COMP 


spac 
COMP 


sPac 
COMP 


SPAC 
cOomMP 


spac 
COMP 


Cul 
spac 
COMP 


SPAC 
COMP 


APPENDIX 6 


CRITERION VARIABLE HI 


VARIABLE 


COMP 


SPAC 
COMP 


spac 
COMP 


SPAC 
cOmMP 


SPAC 
COMP 


SPAC 
COMP 
COMP 


CUL 
SPAC 
COMP 


SPAC 
cOomMP 


SPAC 
COMP 


SPAC 
Come 


SPAC 
COMP 


SPAC 
cOomP 


SPAC 
COMP 


TOTAL CASES 
MISSING CASES 


CODE 


CODE 


Zn 


SES 


Nya NOD 


1080 
49 OR 


VALUE LABEL 


17 PLANTS M 
MONOCULTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


TOMOO3S002 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


8S CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


NORQUAY 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MONOCULTURE 


VALUE LABEL 
MIXTURE 


g CM SPACING 
MONOCULTURE 


24 PLANTS M 
MONOCULTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MONOCULTURE 
MIXTURE 


NB701 
204 PLANTS M 
MIXTURE 


3 CM SPACING 
MIXTURE 


9 CM SPACING 
MIXTURE 


44 PLANTS M 
MIXTURE 


28 PLANTS M 
MIXTURE 


17 PLANTS M 
MIXTURE 


10 PLANTS M 
MIXTURE 


4.85 PCT. 


53. 
.§378 


53 


Lalo 
25. 
26. 


Sizian 
159. 
189, 


334. 
334. 


7a 


23 


23. 


Or, 


20 


20 
20 


43. 


49 


a4. 


14 
7a) 


3739 


110, 
1 VON, 


448 


448. 


94 
94 


SUM 


$378 


5732 
O3693 
$422 


4952 
4744 
4744 


6325 
6325 


. 1596 
7t>o6 


. 3023 
.3023 


.5322 


$322 


.7894 
- 7894 


1.6049 
1.6049 


. 7083 
- 1016 
- 1016 


.4S565 
.6875 


SUM 


. 7690 


2224 
Ps e RS 


7435 
7435 


1940 
1940 


6140 
6140 


3762 
8619 
$143 


7090 
3690 
3690 


8609 
86093 


.0102 
©102 


9122 


7 
he 43 


$1 
$1 


70 
TO 


86. 


4064 
4064 


6120 
6120 


5383 
.§383 


15 
1s 


ww 


w 


NN ww 


1/16/82 


MEAN 


-69322 
-69322 


71487 
7818 
-6542 


4763 
8597 
. 8597 


-9349 
9349 


. 8850 
-88S0 


-4418 
-4419 


-6962 
-6962 


-1268 
-1268 


- 5802 
.-§802 


_ 7955 
Sonle Lure f 
cae das 


-3142 
- 1146 


03/16/82 


MEAN 
-5538 


8704 
.8704 


3 CY rhe 
.4572 


8849 
-8849 


- 3076 
3076 


-6980 
4770 
SENG REY 


.4428 
4148 
4148 


.-4794 
4794 


ordi rat 
Sota 


F304 
- 3304 


st] 
.85593 


.O701 
.O701 


.9841 
-9841 


STD DEV 


eyeE 5 


-6935 
.6835 


6077 
-7616 
-4631 


.O770 
.5365 
. S365 


.8583 
-8583 


- 7780 
.- 7780 


7260 


. 7260 


4647 


4647 


-6886 
- 6866 


-4827 
-4827 


.8413 
eet 
-8211 


-6513 
. 2202 


SOP OEY: 


° 


2is 


2 


oo 


7235 


3773 
finding) 


.O709 
.-O709 


3 EFEARAE 
-_s22g 


7OO6 
7006 


.2461 


4423 


-4055S 


BPRS 


-9386 
-9386 


6447 


6447 


Sra) 
SEAS 


8O0S8 
80398 


.4271 
4271 


-O811 
eosin 


.§917 
.5917 


VARIANCE 


136. 
136. 


73693 
73693 


.36393 
»- 5800 
~2144 


-1678 
.1637 
- 1637 


v2sa0 
.2333 


1694 
it SaAll4 


eta 
-S27t 


-1455 
5 PSS 


-9834 
-8834 


.2330 
nea Fe le} 


.3904 
-6742 
-6742 


3 PAG 
.§8295 


VARIANCE 


° 


oa 


5 


Lee 
.14693 


$235 


6542 
6542 


1469 


- 1043 


1043 


4908 
4908 


Bisse 
1 9/527. 
4086 


.6441 


8810 
8810 


-O378 
.O378 


-7491 
-7491 


-8951 
.8951 


1824 
1824 


1.1048 
1.1048 


oo 


.3501 
-3501 
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MODCHdI xe 7. eDescriptivesstatistics Of characters of plants, grown in 
monoculture and in mixture at two interplant spacings, 


measured at maturity in 1978. 
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APPENDIX 7 


FILE SPMERG (CREATION DATE 
CRITERION VARIABLE T 
BROKEN DOWN BY CuUL 
BY SPAC 
BY MTR 
VARIABLE CODE 
FOR ENTIRE POPULATION 
CUL ie 
SPAC 2 
MTR cae 
SPAC 3 
MTR 2 
CUL 2 
SPAC 2 
MTR Ai 
MTR 2 
SPAC Sha 
MTR 1 
MTR va 
CUL 3 
SPAC Fae 
MTR 1 
MTR 2 
SPAC 3 
MTR 1 
MTR 2 
CuUL 4 
SPAC 2 
Wa 


MTR 


DED Ss secak 


= 12/30/81) 


oie ap te TM 
ASS ASS 
CULTIVAR 
INTER-PLANT 
TREATMENT 


VALUE LABEL 


PITIC 62 
3 CM SPACING 
MIXTURE 


9 CM SPACING 
MIXTURE 


GLENLEA 
3 CM SPACING 
MONOCULTURE 
MIXTURE 


$ CM SPACING 
MONOCULTURE 
MIXTURE 


PARK 

3 CM SPACING 
MONOCULTURE 
MIXTURE 


gS CM SPACING 
MONOCULTURE 
MIXTURE 


TOMOO3S002 
3 CM SPACING 
MONOCULTURE 


OR SSUe IB PaO Pot 


PLANT 


SPACING 


3417. 


Sv OK 
ZV 
a5) 


353 
S5idF 


958 
308 

62 
247 


649 
Talks 
S36 


758. 

304 
SiSie 

245 


454 
Detires) 
341 


sso 
189 
Ton 


03/16/82 


aA T 


oN S Gow Fl 


STO DEV 


ee uieaies 


4.3600 
fa SHES) 
Tisio18.9. 


Be Ot eg, 
Oa Aad 


2.0840 
ye (STR 
le) salts 
| AEP ENee 


3.1796 
2.4448 
3.2806 


7) EVIE) 
Pe eker 
©.80390 
1.4500 
2.4680 


2.2344 
2.2650 


Zaibio sio 
1.1201 
ieOgL ait 


VARIANCE 


3 


npn 


Heyy 


7739 


oosg 


.39570 


9570 


APS aie, 


-1524 


Sinz 
2533 
8497 


.4865 


1096 
mis) vier 


7621 


6974 
$403 
6545 
1024 


-0910 


3324 
1302 


PANTS 


. 2546 


1536 


215 


PAGE 


170 





APPENDIX 7 
CRITERION VARIABLE T 
VARIABLE 
MTR 
SPAC 
MTR 
MTR 
CUL 
SPac 
MTR 
MTR 
SPAC 
MTR 
MTR 


TOTAL CASES = 5 
MISSING CASES = 


APPENDIX 7 


Lats! it= SPMERG 


N-NM 


N-W 


70 


1 OR 


(CREATION DATE 


DRESS JC. kr 


CRITERION VARIABLE H 
BROKEN DOWN BY CUL 
BY SPAC 
BY MTR 


VARIABLE 


FOR ENTIRE POPULATION 


CUL 
SPac 
MTR 


SPAC 
MTR 


CUL 
SPAC 
MTR 
MTR 


SPAC 
MTR 
MTR 


CUuL 
SPAC 
MTR 
MTR 


SPAC 
MTR 
MTR 


CUL 
SPAC 
MTR 


CODE 


N-W N-NN 


N=NW 


VALUE LABEL 
MIXTURE 


8 CM SPACING 
MONOCULTURE 
MIXTURE 


WORQUBAY 
3 CM SPACING 
MONOCULTURE 
MIXTURE 


Ss CM SPACING 
MONOCULTURE 
MIXTURE 


Chave AMS 


= 12/30/81) 


Haze ap ah Ate 


HEADS PER PLANT 


CULTIVAR 


INTER-PLANT SPACING 


TREATMENT 


Lpatpibles Lays 
3 CM SPACING 
MIXTURE 


s CM SPACING 
MIXTURE 


GLENLESL 
3 CM SPACING 
MONOCULTURE 
MEXTURE 


9 CM SPACING 
MONOCULTURE 
MIXTURE 


PARK 

32 CM SPACING 
MONOCULTURE 
MIXTURE 


s CM SPACING 
MONOCULTURE 
MIXTURE 


TOMOOS 002 
3 CM SPACING 
MONOCULTURE 


SUM 


.-©000 


©0000 


. 0000 
.0000 


0000 
. 0000 
- 9000 
- 0000 


. 0900 
.0000 
. 0000 


PUWUO 


Si 


03/16/82 


MEAN 


-0000 


.5208 
.0000 
.2333 


-0521 
-$722 
-8889 
.O5S6 


. 3000 


- 6667 
-1429 


03/16/82 


Sie Ue Bet Ore Oates Aner: 


STD DEV 


neow 


wu uw 


G NS 


. 1547 


-7132 
-8S06 
-5688 


» 1030 
.6816 
-2783 
-0428 


-osss 
- 1808 
-O887 


STD DEV 


#2. 


6361 


1040 
4178 


wot? 6 


1443 


1443 


- 4430 


0014 


-OS56 
-$88E 


2.5443 


NNN 


—~-=-N 


ae Oo 
.59330 


.-1983 


siz: 
so4as 


3233 


- 3465 


3404 


micas 


-o7.55 
. 1830 
1318 


VARIANCE 


P-NO 


. 3333 


.3613 
. 7058 
-§98S 


-6286 
.8278 
-6340 
6 hese 


-6034 
5 VAIS 


g.5401 


VARIANCE 


6 


NNW 


POEL TY 


6350 
C102 
0102 


8566 
&8bE 


-9661 


oo2°e 
1144 


St Arc) 


-4733 
.1242 


7234 


-6324 


een 


-8182 
ae Ae) 


506i 
4773 
$343 


ye Go 
eR NS 
- 2810 


216 


PAGE 


PAGE 
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APPENDIX 7 


Aly, 


03/16/82 PAGE 5 
CRITERION VARIABLE H 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
MTR rah MIXTURE 1038 ,0000 32,8929 1.2274 1.5066 ( 28) 
SPAC 3. S$ CM SPACING 347.0000 Ua eter led 2.7540 7.5847 ( &) 
MTR ss MONOCULTURE 133.0000 7.3889 3.0705 8.4281 ( 18) 
MTR <a MIXTURE 214.0000 Dipadisisis 2.5962 6.7402 ( 30) 
CUL 5. NORQUAY §34.0000 §.5625 2.8976 6.3961 ( 96) 
SPAC 2. 3 CM SPACING 133.0000 3.6944 1.2380 1.5325 ( 36) 
MTR 1. MONOCULTURE 70,0000 3.8888 1.2783 1.6340 ( 18) 
MTR FR MIXTURE 63.0000 3.5000 1.2005 1.4412 ( 18) 
SPAC 3. § CM SPACING 401.0000 6.6833 3.0337 $.2031 ( 60) 
MTR Nis MONOCULTURE 124.0000 6.88es 3.1038 §.6340 ( 18) 
MTR ae MIXTURE 277.0000 6.5852 3.0368 $.2224 ( 42) 
TOTAL CASES = $70 
MISSING CASES = OR: OFZ eric 
APPENDIX 7 03/16/82 PAGE 6 
EXE SPMERG (CREATION DATE = 12/30/81) 
Se Cae Se ee ee Dees Se: COREL Pate lee ON () le SURES ee OP UME Aleta Om IN iS SBR A tees es Nein) irre Raita Sars etiatind ohm uaa 
CRITERION VARIABLE WT DRY WEIGHT PER PLANT G 
BROKEN DOWN BY CUL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY MTR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
FOR ENTIRE POPULATION TIS. SF S5'2 PY ea) 12.0696 145), 6750 ( 565) 
CUL 1 PaloalcGe Gy2 Vitte S eet) 4 21.6478 Hei S533) 210.4028 ( 8&2) 
SPAC Ze 3 CM SPACING GisiSeySi zoe) eh eee) 4.9013 24.0230 ( ae) 
MTR 2 MIXTURE Gis) Ssieion7, 13.2360 4.9013 24.0230 ( 48) 
SPAC 3 S CM SPACING WAS SIT S1Si7) 33.5232 NiSieeacud is 234 0089 ( 34) 
MTR 2 MIXTURE ibe! s Sey S3in Sis 15.2973 234.0083 ( 34) 
CuUL an GLENLEA 3857.6485 Zee bea ied Atay 189.1642 ( 168) 
SPAC i 3 CM SPACING 1147.4994 13.8255 4.6787 Pi) 5 SERS) ( &3) 
MTR Ais MONOCULTURE 207.3399 12.1865 4.6706 21.8146 ( Lata) 
MTR 2 MIXTURE $40.1535 14.2448 4.6230 Zillwai 2 6 ( bE) 
SPAC ee 8 CM SPACING 2710.1431 31.8641 13.8445 T9267 OS: ( gs) 
MTR Whe MONOCULTURE 476.2798 26 4600 10,1377 AO Rieantagsie: ( 18) 
MTR coe MIXTURE 2233.8694 33.3413 14.3977 207.2926 ( 67) 
CUL 3. PARK 1814.6990 14.2830 6.3702 48.5831 ( West) 
SPAC 2a 3 CM SPACING 670.3196 10.3126 Serio 14.4042 ( 65) 
MTR hs MONOCULTURE eat eC) 12.6200 2.5188 6.3443 ( 12) 
MTR 25 MIXTURE 518.8797 3s. 7902 Patric) 14.8793 ( Sar) 
SPAC 35 9 CM SPACING 1144.3794 18.4577 gh Were det BOniwaeatig ( 62) 
MTR Wo MONOCULTURE 309.6199 258 O17, Uf Aces Sema siaa ( ey 
MTR 2h MIXTURE 834.7595 16.6952 5.3074 34.8873 ( 50) 
CUL 4. TOMOOS002 1826 ,.4692 19.8529 10.7864 116.3472 ( $2) 
SPAC 2 3 CM SPACING 545.9896 12.4089 aT Sesh 3 eh. get) ( 44) 
MTR ih MONOCULTURE 230.1099 14.3819 3.7247 WS Sinsit ( 16) 
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APPENDIX 7 


CRITERION VARIABLE wT 


VARIABLE CODE VALUE LABEL 
MTR 2. MIXTURE 
SPAC = 4 8 CM SPACING 
MTR ae MONOCULTURE 
MTR aire MIXTURE 
CUL 5. NORQUAY 
spac a 3° CM SPACING 
MTR ie MONOCULTURE 
MTR 2; MIXTURE 
SPAC 3. Ss CM SPACING 
MTR vw. MONOCULTURE 
MTR ai MIXTURE 
TOTAL CASES = 570 
MISSING CASES = 5 OR OF, 8 PGi. 
APPENDIX 7 
FILE SPMERG (CREATION DATE = 12/30/81) 


CRITERION VARIABLE 
BROKEN DOWN BY 

BY 

BY 


VARIABLE 


FOR ENTIRE POPULATION 


CUL 
SPAT 
MTR 


SPAC 
MTR 


CUL 
SPAC 
MTR 
MTR 


SPAC 
MTR 
MTR 


CUL 
SPAC 
MTR 
MTR 


SPAC 
MTR 
MTR 


CuUL 
SPAT 
MTR 


i) fe RS is ais 


Y 
CUL 
SPAC 
MTR 


CODE 


NN 


N= WW N=-NN Nw 


N-NW 


pb Remap’ ceragt|| 


OF Fi 


SUM 


-8796 


-4796 
-2398 
. 23897 


- 7592 
-7998 
.O3898 
.7599 


-95964 
- 8698 
-O896 


SEEDY ITELD (PERM PCAN TG 


CULTIVAR 


INTER-PLANT SPACING 


TREATMENT 


Piletelca rz 
3 CM SPACING 
MIXTURE 


s CM SPACING 
MIXTURE 


GLENLEA 
3 CM SPACING 
MONOCULTURE 
MIXTURE 


39 CM SPACING 
MONOCULTURE 
MIXTURE 


PARK 

3 CM SPACING 
MONOCULTURE 
MIXTURE 


9 CM SPACING 
MONOCULTURE 
MIXTURE 


TOMOOS002 
3 CM SPACING 
MONOCULTURE 


V1 


26. 
2s. 
25s. 


igs. 
- 8833 
13. 
- 1833 


11 


10 


23. 
25. 
23. 


03/16/82 


MEAN 


-2814 


6767 
3467 
O747 
4142 
6133 
$327 


1594 
4068 


03/16/82 


sTO DEV 
3.2318 


10.6455 
12.3621 
§.3353 


©.7563 
5.0817 
4.5671 
5 .OS60 


0.7821 
11.1242 
10.6821 


Sy UP BY iF OF IPP UP ART AS Om INES oc 


STO DEV 


5.4054 


3216 


439668 
49/68 


NNO 


on 


.5180 
$180 


o 


See 
o84s 
PRS 
oo6s 


NNN OF 


n 


.O359 
3017 
. 2328 


on 


.0273 
6267 
. 2946 
6355 


aa = 


3.1046 
3.2643 
2.6444 
§.1524 


5) Mag mk fe! 
i 2/974 


VARI 


He te 


113. 
152 
87. 


115 
25 
20. 
25 


115. 


123 
114. 


VARI 


29 


ANCE 


4446 


3266 


-5742 


1477 


-6984 
-8232 


6587 


.968°9 


6075 


.7483 


1078 


ANCE 


2182 


S€21 
2342 


2342 


4847 
2847 


0428 


.3452 


0880 
o275 


4315 
5050 


6478 


.1643 
6462 
.6761 
.6749 


.6387 


6554 
$926 


.5471 
22025 
.5397 
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APPENDIX 7 


03/16/82 
CRITERION VARIABLE Y 
VARIABLE CODE VALUE LABEL SUM MEAN $TD DEV 
MTR 2. MIXTURE 142.8999 §.1036 1.4985 
sPac 3. 8 CM SPACING 600.1998 12.5042 5.1082 
MTR We MONOCULTURE 241.7999 13.4333 
MTR 5.7364 
2 MIXTURE 358.3899 11.9467 4.7056 
CuL Sy NOROQUAY 838.7997 &. 7375 5.1240 
spac e355 3 CM SPACING 187.3989 $.2056 2.2877 
MTR ae MONOCULTURE 108.3000 6.0500 2.0523 
MTR a MIXTURE 78,5000 4.3611 2.2479 
sSPAC Sr. 8 CM SPACING 651.3998 10.8567 §.1954 
MTR V. MONOCULTURE 207.598995 11 S333 5.4485 
MTR <n MIXTURE 443.7899 10.5667 §.1231 
TOTAL CASES = 570 
APPENDIX 7 03/16/82 
Eavee SPMERG (CREATION DATE = 12/30/81) 
Le TS Oe ee Depemrss Ge Ria J cP site sles ONIN: Ont SURES POMP SU aA sti en ONES 2 i 
CRITERION VARIABLE NK NUMBER OF KERNELS PER PLANT 
BROKEN DOWN BY CuUL CULTIVAR 
BY spac id INTER-PLANT SPACING 
BY MTR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
FOR ENTIRE POPULATION 1189898 .0000 210.5228 126.6219 
CUL We Feetapeile: 13s 21420.0000 264 ,2185 Wie aracirars 
SPAC Zhe 3 CM SPACING 7864 .0000 163.8233 65) 1055 
MTR res MIXTURE 7864 .0000 WiGisie Ossie 65.1056 
spac = 9 CM SPACING 13556 .0000 39&.7059 185.3432 
MTR 2 MIXTURE 13556 .0000 398.7059 165.3432 
CUL 25 GLENLEA 33728 .0000 186.4000 Wl 2ie6:5)3 
SPAC a2. 3 CM SPACING 10471,0000 124.6548 40.8726 
MTR 1 MONOCULTURE 2057.0000 114.2778 45.7497 
MTR 2 MIXTURE 841)4.0000 127.4848 38.3424 
SPAC 3. 5 CM SPACING 23257 .0000 270.4302 Aiseevess.S: 
MTR Ae MONOCULTURE 3902.0000 216.7778 85.5883 
MTR Zain MIXTURE 19355 .0000 284.6324 WAS, WAL RS 
CUL eins PARK 21267,0000 166.1484 81,2985 
SPAC 2 3 CM SPACING 7861.0000 el. ae 44.2876 
MTR We MONOCULTURE 1678 .0000 138.8333 354.912 Vie 
MTR ie MIXTURE 6183 .0000 114,5000 44.9309 
SPAT Sie gs CM SPACING 13406 ,.0000 216.2258 82.0209 
MTR ii MONOCULTURE 3517,0000 293.0833 84.0681 
MTR 2 MIXTURE $883 .0000 187, 780¢ 70.6669 
CULL 4; JOMOOS002 22203 .0000 236.202 ae erty ile) 
SPAC ae 3 CM SPACING 7133 .0000 155.065 44.1701 
MTR UF MONOCULTURE 3131.0000 173.94: 44,1741 


VARIANCE 


.2455 


.OS36 
.8058 


1425 


-2552 
.2337 
Aer ira! 
-0831 


-8820 
-6858 
- 2462 


VARIANCE 


16033 


3000S. 
4236 
4236. 


34352 
34352 


12603. 


1670. 
2083. 
1547. 


12803 
EAS 5 
13406 


6600S. 
1961 


2018 


6727. 


71070 


QiSi9iSe 


15858. 


1950. 
1951 


Or Ardial 


3833 
7376 
7376 


0327 


OS rated) 


S077: 
S661 
o35s3g 
8226 


TOBE 
3535 


7733 


4502 


- 3886 
de SOs 


ajhel's| 
7830 


4236 
8106 
8078 


6146 
$9387 


SSC! 
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APPENDIX 7 


03/16/82 PAGE 11 
CRITERION VARIABLE NK 
VARIABLE CODE VALUE LABEL _ SUM MEAN STD DEV VARIANCE N 
MTR 25; MIXTURE 4002 .0000 142.8286 40.4062 1632.6614 ( 28) 
SPAC a5 S CM SPACING 15070.0000 313.8583 129.9771 16884.0608 ( 48) 
MTR Al MONOCULTURE 5912.0000 328.4444 145.4196 21146.8497 ( 18) 
MTR Pre MIXTURE 8158 .0000 305.2667 121.5531 14775.1678 ( 30) 
CUL s. NORQUAY 21380.0000 222.7083 133.1329 V7724aR 37 Te ( 86) 
SPAC oF 3 CM SPACING 4735 .0000 131.5278 55.3428 3062.8278 ( 36) 
MTR ie MONOCULTURE 2720,0000 151.1111 50.7994 2580.5752 ( 18) 
MTR 2y. MIXTURE 2015 .0000 111.9444 53.9733 2813.1144 ( 18) 
SPAC 20 8 CM SPACING 16645 .0000 277.4167 136.4027 18605.7048 ( 60) 
MTR the MONOCULTURE 5322.0000 295.6667 145.2677 21102.7058 ( 18) 
MTR 25 MIXTURE 11323.0000 269.5852 133.4738 17815.2712 ( 42) 
TOTAL CASES = S70 
APPENDIX 7 03/16/82 PAGE 12 
FILE SPMERG (CREATION DATE = 12/30/81) 
CS NO SG et oa Of Es So Es Ri ih Pe Wy Is 0, 8 oF Si UL) Py OP Uy le AL Te ie GN Ss LS IS eee ro a ck AS 
CRITERION VARIABLE KWT WEIGHT PER 1000 KERNELS G 
BROKEN DOWN BY CUL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY MTR TREATMENT 
VARIABLE CDDE WALUE LABEL SuM MEAN STD DEV VARIANCE N 
FOR ENTIRE POPULATION ZSAAe. 3103 40.5584 6.9782 48.6952 t Sion 
CUL 1 PITIC 62 2986 .5823 Sie az ter 4.41968 19.5343 ( Ceo | 
SPAC B 2 CM SPACING 1718.9851 35.8122 EVAL) 24 27,716 ( 48) 
MTR 2 MIXTURE UPA. 918'5:1 be ft Fe Se fee 4.9272 2a Tie Ae foe ( ae) 
SPAC 3 9 CM SPACING 1267.5972 37). 2823 3.4738 V2)..067. ( 34) 
MTR Pe MIXTURE 1267.5972 Fe edt SOM| 35 4.38 12s OBA ( 34) 
cuL 2 GLENLEA 8322.3254 46.9549 4.7343 22.4138 ( 170) 
SPAC 2 3 CM SPACING 403E 4008 4&.0524 4.93260 24.2650 { 84 
MTR ly MONOCULTURE e26.. 7813 45.9323 7.5025 56.2883 ( 18) 
MTR GR MIXTURE 3208 .6194 48.6306 a), 6343 14.6788 ( 66) 
SPAC 3. 9 CM SPACING 4285 92404 48.8363 4.3908 12.2790 ( 86) 
MTR ie MONOCULTURE 892.5471 49.5859 3.4094 11.6238 ( 18) 
MTR 2 MIXTURE 338/3523:7,7'3 49.9026 4.6355 2a 467.8 ( 68) 
CUL ay PARK 4441,.9273 34.7026 3.5233 Mies Stes? ( 128) 
SPAC 25 3 CM SPACING 2262.5280 34.2807 2.8128 Fe ( 66) 
MTR 1 MONOCULTURE 430.5100 35.8758 1.6824 2.8304 ( 12) 
MTR 2 MIXTURE 1832.0180 323.9263 2.9003 8.4120 ( 54) 
SPAC 3 8 CM SPACING 2179.3984 35.1516 4.1251 17.0165 ( 62) 
MTR 1 MONOCULTURE 632.1547 36.0129 Nn Haas 1.2956 ( t20 
MTR ae MIXTURE 1747 .2447 34.9449 4.5462 20.6677 ( 50) 
CUL 4 7OMOO0S002 3587 .3030 38.1628 2.98395 15.8711 ( 94) 
SPAC 2, 32 CM SPACING 1671.2930 36.3325 3.9205 15.2700 ( 46) 


MTR VWs MONOCULTURE 672.7794 37.3766 2. 27 13 TOE BONS ( 18) 
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APPENDIX 7 


CRITERION VARIABLE KWT 


VARIABLE 
MTR 


SPAC 
MTR 
MTR 


CuUL 
SPAC 
MTR 
MTR 


spac 
MTR 
MTR 


TOTAL CASES = 5 


APPENDIX 7 


Fe SPMERG (CREA 


GS So Be oe Gy ea.) 


CRITERION VARIABLE 
BROKEN DOWN BY 

BY 

BY 


VARIABLE 


FOR ENTIRE POPULATION 


CUL 
spac 
MTR 


SPAC 
MTR 


CUL 
SPAC 
MTR 
MTR 


sPaAC 
MTR 
MTR 


CuUL 
SPAT 
MTR 
MTR 


SPAC 
MTR 
MTR 


CuL 
SPAC 
MTR 


CODE 


N=-NO 


N-W 


10 


TION 


Es 
KH 
CUL 
SPAC 
MTR 


CODE 


N-NN NW NN = 


N-wW 


VALUE LABEL 
MIXTURE 

9 CM SPACING 
MONOCULTURE 
MIXTURE 
NORQUAY 

3 CM SPACING 
MONOCULTURE 
MIXTURE 

8 CM SPACING 


MONOCULTURE 
MIXTURE 


= 12/30/81) 
Cat ps WE ts) 


CULTIVAR 


1916 
740 
1175 


3780. 


1415 
723 
691 


2365. 
Tor. 
1654. 


OIF 


SUM 


-5136 


-0100 
.1386 
-8714 


1725 
-O812 
. 7060 
.3552 


1113 
6705 
4408 


INTER-PLANT SPACING 


TREATMENT 


Palate 6:2 
3 CM SPACING 
MIXTURE 


Ss CM SPACING 
MIXTURE 


GLENLEA 
3 CM SPACING 
MONOCULTURE 
MIXMTURE 


¢ CM SPACING 
MONOCULTURE 
MIXTURE 


PARK 

3 CM SPACING 
MONOCULTURE 
MIXTURE 


9 CM SPACING 
MONOCULTURE 
MIXTURE 


7OMOOS002 
3 CM SPACING 
MONOCULTURE 


35 


38 
41 
3s 


3s. 
. 3073 
. 2058 
38. 


393 
40 


38. 


33 


03/16/82 


MEAN 


-6612 


-8169 
-1188 
-1957 


3768 


4086 


4185 


-4817 
33. 


3914 


03/16/82 


SP Ue BF POF Be Ue ART 
NUMBER OF KERNELS PER HEAD 


STD DEV 


NNNWN 


- 2053 


- 2043 
-6103 
-3483 


- 9626 
- 5848 
-O196 
-8226 


3.1881 


wo 


anna 


So ~) 


8684 
.62998 


VARIANCE 


Us 


10 


1 


68ace 


- 2674 
6. 
Va Zats 


8137 


5A) 
.6814 
-O787 
- $670 


- 1636 
4908 
-1760 


VARIANCE 


SSr, 


8913 


181217. 
S063 
S063 


3329 
3329 


6823 
6419 
0860 


4007 


o625 


.1693 


7465 


ie Sig) 
.8295 
0878 
.8885 


8225 
1983 
8668 


1290 


ooo 


$384 
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APPENDIX 7 


CRITERION VARIABLE KH 


VARIABLE CODE VALUE LABEL 
MTR 2. MIXTURE 
spac Sis S$ CM SPACING 
MTR fie MONOCULTURE 
MTR an MIXTURE 
cur 5. NORQUAY 
SPAC 2G 3 CM SPACING 
MTR Les MONOCULTURE 
MTR a MIXTURE 
sPAC 3. 8 CM SPACING 
MTR ils MONOCULTURE 
MTR a MIXTURE 
TOTAL CASES = 570 
MISSING CASES = 1 OR Ona, PET. 
APPENDIX 7 
FILE SPMERG (CREATION DATE = 12/30/81) 
ae sted Bee Rise Sas = Se DIE SC Roe. keane Cua 
CRITERION VARIABLE HI HARVEST INDEX 
BROKEN DOWN BY CuUL CULTIVAR 
BY SPAC 
BY MTR TREATMENT 
VARIABLE CODE VALUE LABEL 


FOR ENTIRE POPULATION 


CUL 
SPAC 
MTR 


SPAC 
MTR 


CuL 
SPAC 
MTR 
MTR 


SPAC 
MTR 
MTR 


CuUL 
SPAC 
MTR 
MTR 


SPAC 
MTR 
MTR 


CUL 
SPAC 
MTR 


N-W N-NN 


N-NW 


INTER-PLANT SPACING 


Pay tc Giz 
3 CM SPACING 
MIXTURE 


9 CM SPACING 
MIXTURE 


GLENLESA 
3 CM SPACING 
MONOCULTURE 
MIXTURE 


S$ CM SPACING 
MONOCULTURE 
MIXTURE 


PARK 

3 CM SPACING 
MONOCULTURE 
MIXTURE 


Ss CM SPACING 
MONOCULTURE 
MIXTURE 


TOMOOSOO2 
3 CM SPACING 
MONOCULTURE 


1047 


20893 
602 
1287 


3735. 


1278 
7093 


2456. 
754. 
1682- 


Oo F 


245. 


SUM 


.4333 


-8216 
.3407 
-4809 


8547 


-8761 
-70395 
sés. 


1666 


s787 
70114 
2775 


37. 


43. 
.5745 
.9160 


44 
42 


38 
35 
38 
31 


40. 
42. 
40. 


ooo oooo ooo oo0o0oo°o oo 


ooo 


03/16/82 


MEAN 
4083 


5378 


-9152 
.§243 
-4283 
-6204 


9496 
4834 
2823 


03/16/82 


STO DEV 


SI4M O&O 


nw 


STU SPs OSes Ee Ai ie OF INS 


S376 


-6473 
.3951 
. 8520 


.3471 
/1184 
rai pier! 
.2231 


-8671 
-9170 
8418 


STD DEV 


° 


ooo ooo°o ooo 


ooo 


0482 


-O664 


0733 
0733 


OSE3 
O563 


0402 
-0412 
.O530 
.0353 


.O0387 


0521 


.0322 


.0431 
.O387 
0640 


0327 


O4s7 


.O2768 


04392 


.O356 
.0350 
-0444 


VARIANCE 


43 


sé. 
5a. 
-6546 


61 


6s. 
6s. 
-1467 
$2. 


51 


61 


ge. 
46. 


-5281 


4811 
687s 


6734 
860s 


1734 


-8915 


3464 
8102 


VARIANCE 


° 


ooo oooo°o ooo 0oooo°o oo ooo 


ooo 


0023 


0044 
0054 


ooss 


.0032 


0032 


.0016 


o017 


.0035 


0012 


.0015 


0027 


0010 


.00198 
0016 
004) 
00171 


-0021 
. 0008 


0024 


,0013 


0012 


.0020 


PAGE 
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APPENDIX 7 


CRITERION VARIABLE HI 


VARIABLE CODE 
MTR 2 
SPAT ae 
MTR 4% 
MTR 2 
CUL 5. 
SPAC 2. 
MTR 1. 
MTR ae 
SPAC . 
MTR 1 
MTR an 
TOTAL CASES = 570 
MISSING CASES = 5 OR 
APPENDIX 7 
FILE SPMERG (CREATION 
eeicueen es) i) ore = DES 
CRITERION VARIABLE B 
BROKEN DOWN BY CUL 
BY SPAC 
BY MTR 
VARIABLE CODE 


FOR ENTIRE POPULATION 


CuL 1 
SPAC ain 
MTR 2 

SPAC 3 
MTR 2 

cuL 2 
SPAC 2 
MTR 1 

MTR 2 

SPAC (Shc 
MTR 1 

MTR 2 

CUL 3 
SPAC aie 
MTR 1 

MTR 2 

SPAC 3. 
MTR ass 

MTR 2 

CUL 4 
SPAC eit 
MTR fia 


VALUE LABEL 


MIXTURE 12 
gs CM SPACING 22 
MONOCULTURE 8 
MEXTURE 14 
WORQUAY 42 
3 CM SPACING 15 
MONDO). TORE 8 
MIKTURE 7 
3S CM SPACING 26 
MONOCULTURE é 
MIXTURE 18 
0.9 PET. 
DATE = 12/30/81) 
pd BE eh ae BY ate} sh he 


SUM 


-6838 


-3594 
. 1407 
a talit S4d 


.4071 
-7377 
.0©309 
7068 


-6894 
-0837 
-§857 


0000 0090 9 


o0°o 


Sy Gh Bor Ge PU 


HEIGHT OF THE FLAG LEAF BLADE CM 


CULTIVAR 
INTER-PLANT SPACING 
TREATMENT 


VALUE LABEL 


SOMO, 
PITIC G2 RIZE 
3 £M SPACING 2aot 
MIXTURE 25351 
5 CM SPATING 1747 
MIMTURE 1747 
GLENLEA 10651 
3 CM SPACING 5489 
MONOCULTURE 1240 
MIXTURE 4248s 
S CM SPACING 5162 
MONOCULTURE 1077 
MIXTURE 408s 
PARK 6716 
3 CM SPACING 3557 
MONCCULTURE 651 
MIXTURE 23906 
s CM SPACING 3159 
MONOCULTURE 619 
MIXTURE 2540 
TOMOOS002 4286 
3 CM SPACING ZY, 
MONOCULTURE 833 


$2 


03/16/82 
MEAN STD DEV 
- 4530 ©.0280 
4658 ©.0352 
-4523 ©.0318 
-4740 0.0351 
4417 ©.0416 
-4372 0.0453 
4462 ©,0425 
-4282 0.0474 
444% 0.0383 
-449) ©.0367 
-4825 2.0407 
03/16/82 
Ly An Tat (OPN Ss GS 
MEAN $To0 DEV 
842) 10.2666 
so24 hse ee? 
Siar 7. @a19 
s7S2 7.4419 
3824 6.3106 
3624 6.98108 
6529 Piven i Pas 
3452 BS 703 
88S €. 6676 
3766 €.2S506 
0235 Wie ae 
6333 &.0968 
o735 he Ves 
4685 6.2614 
6939 7.9636 
2500 10.1366 
6148 Te Shae 
$516 6.3655 
§833 asia s | 
8000 8.6520 
5957 5.8775 
0217 6.65683 
2778 6.5152 


VARIANCE 


oooo ooo o 


ooo 


-O008 


-0012 
,0010 
-0012 


0017 
.0021 
0018 
-0022 


-0018 
0013 
.O017 


VARIANCE 


105 


102 


4021 


2496 
3625 
3625 


Ti Ses 


758s 


. 8256 


1685 
4s75 


-O697 


.6347 


S586& 


~ 8154 


.2810 
.41933 
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.4179 
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,0833 
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Se ee] 
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APPENDIX 7 


03/16/82 
CRITERION VARIABLE 8B 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
MTR a MIXTURE 1284.0000 45.8571 6.8622 
SPAC Sc 8 CM SPACING 2168.0000 45.1875 5.0557 
MTR ic MONOCULTURE 814.0000 45.2222 4.1946 
MTR aT, MIXTURE 5 j 
1355.0000 45.1667 5.5776 
CUL 5. NORQUAY 4128.0000 43.0104 5.6875 
SPAC 20 3 CM SPACING 1550.0000 43.0556 6.5594 
MTR 1 MONOCULTURE 777.0000 43.1667 7.1146 
MTR 2. MIXTURE 773.0000 42.9444 6.1594 
SPAC Tih 8 CM SPACING 2578 .0000 42.9833 5.1535 
MTR A. MONOCULTURE 784.0000 43.5556 6.4464 
MTR an MIXTURE 1785.0000 42.7381 4.5588 
TOTAL CASES = 570 
APPENDIX 7 03/16/82 
FILE SPMERG (CREATION DATF = 12/30/81) 
oO 0B SY “CNG. oc De Ens) Gl Ret) Rati Ie ON OF Siu) BaP) 0) Pe UP ty Alon Ie on Nis == 
CRITERION VARIABLE D PLANT HEIGHT CM 
BROKEN DOWN BY CUL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY MTR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
FOR ENTIRE POPULATION 47604.0000 83.1649 13.0110 
cul + 1 PANG 2 6472.0000 78.9268 8.8770 
SPAC 2 3 CM SPACING 3789 .0000 78.8375 8.2340 
MTR 2 MIXTURE 3783 .0000 78.9375 $.3340 
SPAC 3 S CM SPACING 26823.0000 Tee She 8.5860 
MTR 2 MIXTURE 2683.0000 78.9118 6.5860 
CUL a GLENLEA 16004 0000 94. WA a2 8.87 te 
SPAT 2 3 CM SPACING 7985 .0000 85.0595 7 4742 
MTR 1 MONOCULTURE 1681.0000 83.9444 7.8#3S0 
MTR 2 MIXTURE 6284.0000 $5. 3636 7.4165 
SPAC 3 S CM SPACING 8018 .0000 93.2442 10.0843 
MTR il. MONOCULTURE 1680,0000 93.3333 10.5830 
MTR 20 MIXTURE 6338 .0000 $3.2206 10.0296 
CUL 3 PARK 11378.0000 8&.8984 11.2641 
SPAC 2 2 CM SPACING 5871.0000 8& 9545 12nsa 5a 
MTR 1 MONOCULTURE 1055.0000 87.9167 20.2550 
MTR 2 MIXTURE 4816 .0000 89.1852 10 3269 
SPAC 30 8 CM SPACING 5506 .0000 88.8387 8.8617 
MTR Te MONOCULTURE 1118,.0000 93.1667 7.9067 
MTR oy MIXTURE 4390.0000 87.8000 10,0671 
CUL an 7OMOO9002 6636 .0000 70.5957 6.9348 
SPAC 2 2 CM SPACING 3217,.0000 69.9348 2.2392 


MTR Nas MONOCULTURE 1313.0000 72.944 7.08:9'9 
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VARI 
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101 
Dine 
100 
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WS 4 
410. 
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Phe 
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.o8ss 


.5598 
.5948 
1092 
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APPENDIX 7 


03/16/82 
CRITERION VARIABLE D 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
MTR 2 MIXTURE 1804.0000 68.0000 8.4547 
Scare 3. 9 CM SPACING 32418 .0000 71.2282 5.4157 
aa t MONOCULTURE 1301.0000 72-2776 5.3005 
R Fede MIMTURE 2118.0000 70.6000 5.4747 
CUL s. NORGUAY 6813.0000 72.0104 5.4609 
SPAC 2. 32 CM SPACING 2594.0000 72.0556 5.9854 
MTR ie MONSCULTURE 1322.0000 73.4444 5.6488 
MTR Tp. MIXTURE 1272.0000 70.6667 6.1453 
SPAC 305 8 CM SPACING 4318.0000 71.9833 5.1732 
MTR es MONOCULTURE 1285.0000 71.9444 6.7604 
MTR 2 MIXTURE 3024.0000 72.0000 4.4228 
TOTAL CASES = 570 
APPENDIX 7 y 03/16/82 
FILE SPMERG (CREATION DATF = 12/30/81) 
Oe ee BLES € RP shi tesay 01. oF SUR P APH AT? TH Os - - 
CRITERION VARIABLE HL HEADLENGTH CM 
BROKEN DOWN BY cuL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY MTR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
FOR ENTIRE POPULATION 6081,.0000 10.6684 2.0684 
CUL 1s Pitted Gwe: 1021.0000 12.4512 1.6190 
SPAC mire a eGMa SPA NG 584.0000 hee Teatatoieaea: 1.5880 
MTR 2 MIXTURE 584 0000 qa a nti6 67: 1.5890 
SPAC eH Ss CM SPACING 437.0000 Wiz: one 29) 1.5980 
MTR ou MIXTURE 437.0000 12.8528 1.5980 
CUL 2 CLENLEA 18989 .0000 14.1706 1.4059 
SPAC 73 3 CM SPACING g308 0000 10.8085 1 93:032 
MTR Pe MONSCULTURE 192.0060 10.6667 A! optlsicae8, 
MTR 2 MIXTURE 716.0000 10.8485 1.3501 
SPAC 3 S CM SPACING 921.0000 11.5233 1.4202 
MTR We MONOCULTURE 210.0000 11.6667 1 S703 
MTR 2 MIXTURE 781.0000 11.4853 ices Ss 
CUL ahs PARK 1015 .0000 7.9297 1.2048 
SPAC an 3 CM SPACING 494.0000 7.4848 1.0705 
MTR an MONOCULTURE 91.0000 7) SIS ©.5148 
MTR Zn MIXTURE 403.0000 7.4630 1.1608 
SPAC Je 9 CM SPACING 521.0000 8.4032 1.1658 
MTR is MONOCULTURE 110.000¢ $ .16'67 Ley ange Piet E 
MTR 2 MIXTURE 411.000¢ 8.2200 1.1830 
CUL 4. 7OMO0039002 1071. 000¢ 11.3936 1.6212 
SPAC on 2 CM SPACING 526.000 11.4348 1.7594 


MTR Vise MONOCULTURE 216 .00¢ 12.0000 di VSO 
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VARIANCE 


4 


NNN 


nr 


no 


IIE 


6210 
S246 
$2468 


SiSns'5: 
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APPENDIX 7 03/16/82 PAGE 23 
CRITERION VARIABLE HL 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
MTR oh, MIXTURE 310.0000 11.0714 Rome te t-3 Petey) ( 28) 
SPAC 3: 8S CM SPACING 545.0000 11,3542 1.4945 2.2336 ( 48) 
MTR i MONOCULTURE 218.0000 2a 1.4507 2.1046 ( 18) 
MTR 2 MIXTURE 327.0000 10.8000 1.3481 1.8172 ( 30) 
CuL Se NORQUAY 1075 .0000 11.1878 Ws aliezeorre] Tinie Olbie! ( $6) 
spac 2c 3 CM SPACING 394.0000 10.9446 1.0940 1.1968 ( 36) 
MTR fs MOWOCUL TURE 207.0000 11.5000 O27 071 ©.5000 ( 18) 
MTR 36: MIXTURE 187.0000 10.3889 1.1448 1.3105 ( 18) 
SPAC ein 8 CM SPACING 681.0000 11.2500 Aeris ayes 1.2483 ( 60) 
MTR tee MONOCULTURE 205.0000 11.388S8 1,1980 1.4281 ( 18) 
MTR Ps MIXTURE 476.0000 Tile RHR Ie) 1.0869 ross ( 42) 
TOTAL CASES = 570 
APPENDIX 7 03/16/82 PAGE 24 
12 SUIS) = SPMERG (CREATION DATE = 12/30/81) 
ee Stouts” ne DN Tia ae CRE Seca SPs a ON fe} le SBUTE SP OP TUE VA ait) Oe NeeS ene conan fae he ey earn epee a= ete et 
CRITERION VARIABLE EL EXTRUSION LENGTH CM 
BROKEN DOWN BY , CU CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY MTR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN SauDe OED, VARIANCE N 
FOR ENTIRE POPULATION 23365 .0000 40,9912 6.82968 48.0228 ( S70) 
CUL 1 Btn) 2) 3155 .0000 3é&. 4756 4) AVS || Si, sace ( &2') 
SPAC 2 3 CM SPACING 1782,0000 E(t ede Beh ars: 65.8989 ( 468) 
MTR 2 MIXTURE 1762.0000 ely AR) &.11768 65.8989 ( 4&é) 
SPAC ee, S$ CM SPACIWG 1373 .0000 40.3824 Sess} 25.7585 ( 34) 
MTR 2 MIXTURE 1373.0000 40,3824 Ly loertiaics} PPS 5 TAY ( 34) 
CUL 2 GLENLEA 7252,0000 42.6588 6.4763 Soa 24 ( 170) 
spac 2 3 CM SPACING 3404 .0000 40.5236 Se Gisipig 44.0356 ( 8&4) 
MTR 1 MONOCULTURE 643.0000 HS, esyear2 5.0504 25.5065 ( 18) 
MTR Dre MIXTURE 2761.0000 41.8333 6.4369 44 4 S313 ( 66) 
SPAC 3 Ss CM SPACING 3848 .0000 44.7442 SiG: 31.4867 ( 86) 
MTR Wes MONOCULTURE &13.0000 45.1667 6.38976 40,8529 ( 18) 
MTR 2 MIXTURE 3035 .0000 44.6324 5.4332 2oomies ( 68) 
CUL 3 PARK 567&.0000 44.3594 7.6083 57.8856 ( 128) 
spac ing 32 CM SPACING 2808 0000 42.5455 8.4274 Bie heed fies ( 66) 
MTR ike MONOCULTURE 4s5 ,0000 41.2500 Aerts 152.2045 ( 12) 
MTR 2 MIXTURE 2313.0000 42.8333 7.4194 5§ .0472 ( $4) 
Ge rzi2s' 37.4881 ( 62) 
rhs 9 CM SPACING 2870,0000 46.2903 
Se Mae Ney MONOCULTURE 609 0000 50.7500 SO el> Zon eo 515 ( 12) 
MTR 2 MIXTURE 2261.0000 45.2200 Seite 34.9506 ( So) 
CUL 4 TOMOOS002 3421.,.0000 36.3936 Sy CASE Hes 27.5961 ( 94) 
SPAC on 3 CM SPACING 1626 .0000 35.3478 6.0119 36.1430 ( 46) 
MTR 1 MONOCULTURE 696.0000 38.6667 6.0391 36.4706 ( 18) 
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APPENDIX 7 


03/16/82 
CRITERION VARIABLE EL 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
MTR 2 MIXTURE 830.0000 33.2143 5.0211 
aE AGS 30 8 CM SPACING 1785 .0000 37.3958 4.2313 
i ils MONOCULTURE 705.0000 39.1667 4.2737 
R 22 MIXTURE 1090.0000 36.3333 3.8881 
CUL 5. NORQUAY 38539 .0000 40.1979 4.1918 
SPAC 22 3 CM SPACING 1438 .0000 38.9444 4.6164 
MTR es MONOCULTURE 752.0000 41.7778 4.2503 
MTR 20 MIXTURE 686.0000 33a naa 4.3235 
SPAC 3: 8 CM SPACING 2421.0000 40.3500 3.9481 
MTR 1. MONOCULTURE 716.0000 38.7778 4.3731 
MTR oe MIXTURE 1705 .0000 40.5952 3.7810 
TOTAL CASES = 570 
APPENDIX 7 03/16/82 
La ML St = SPMERG (CREATION DATE = 12/30/81) 
Sens mn ae, ay DeEe-S? CeR iO Pat. ls O.iN oO F SeUy BaP On Pe Ua Aes tee oO mina oe 
CRITERION VARIABLE YH SEED YIELD PER HEAD G 
BROKEN DOWN BY CUL CULTIVAR 
BY SPAC INTER-PLANT SPACING 
BY MTR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN SAD BEN, 
FOR ENTIRE POPULATION $07.9368 1.5929 ©.5386 
CuUL Le Pir. 6:2 134.9181 1.64853 ©.48502 
SPAC Be 3 CM SPACING 73.6814 T. S:3'5:0 0.4930 
MTR 73 MIXTURE 73.6814 1. S350 ©o.4930 
SPAC = S CM SPACING G23 Gi 1, SOM oer Hrd] 
MTR Bi MIXTURE 6a A 2a’: TiS Ouest ©.3287 
CUL 7 as GLENLEA 346.1963 2.0364 ©.4619 
SPAC 2 3 CM SPACING 156.9266 re -- -4 O68 1:20: 
MTR alien MONOCULTURE Silesees 1 2574:0 7; 0.6045 
MTR dive MIXTURE 125.5933 1,9029 (oo ERED / 
SPAC S 9 CM SPACING 188.2636 2.2008 ©.4508 
MTR tie MONOCULTURE 40.7857 2.2659 ©.4825 
MTR Aie MIXTURE 148.4841 2.1836 0.4442 
CUL 32 PARK AS 7a O 41,0108 ©.2962 
SPAC 2 3 CM SPACING 58.6557 ©.8887 0.2419 
MTR Ub: MONOCULTURE 10.1898 ©.8500 ©.3385 
MTR Z MIXTURE 468 4559 0.8973 heya 4nR =| 
SPAC 9 gs CM SPACING 710.7214 1.1407 Oy2954 
MTR 1 MONOCULTURE 15.5596 Wo eA OMe eu 
MTR Zz MIXTURE 55.1618 1, O32 ©o,3000 
CUL 4. TOMOOS002 160.1081 4.5969 ©o.3605 
SPAC Ze 3 CM SPACING 66.7416 1.4509 0.3401 
MTR 1 MONOCULTURE 29.1383 1.6188 Oo. 2257 
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APPENDIX 7 


CRITERION VARIABLE YH 


VARIABLE 


MTR 


spac 
MTR 
MTR 


CuL 
SPAC 
MTR 
MTR 


spac 
MTR 
MTR 


TOTAL CASES 


CODE 


S70 


exc 


N-NUW 


N-W 


VALUE LABEL 


MIXTURE 


8 CM SPACING 
MONOCULTURE 
MIXTURE 


NORQUAY 
3 CM SPACING 
MONOCULTURE 
MIXTURE 


9 CM SPACING 
MONOCULTURE 
MIXTURE 


clefts 


83. 
32. 
So. 


147 
50° 


36 


SUM 
6033 
3665 


9680 
3984 


.3372 
-64198 
28 
cae 


$902 
osi7 


.6953 
30. 
.§581 


1402 


G2/16/82 


MEAN 


. 3430 


-7368 
- 8316 
7679:9 


-5348 
.- 4067 
-5883 
-2251 


-6116 
-6§745 
- 5846 


STD DEV 


ooo°o 


oo0°o 


- 3087 


.3250 
. 3200 
eS a 


-3549 
.3657 
-3107 
.3301 


isd etd) 
~ 3936 
. 2964 


VARIANCE 
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0000 000 


ooo 


.0953 


. 1056 
.1024 
- 1022 


.1259 
-13386 
.O966 
. 10380 


1074 
.1548 
.0879 
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e297 


Distribution parameters of characters of single plants, 
grown in monoculture and in mixture, at two interolant 


spacings. 


All plants were grown in four-row plots in 1978. The data 
are from randomly selected plants, which had both neighbours 


present, and which were harvested at maturity. 





Spacing Shona 8 Kurtosis” 

theanees (cm) Monoculture Mixture Monoculture Mixture 
i 5 0.47 ORSS=* 1321 I%6654 
H 5 io OF40* LO 2 0.60 
Wt 5 Oe 07 338* 1,.44* Oo 752 
yi 5) O59 Ts Oe eS O77. 0.42 
K/P 3) 0.59 0.47% 0:97 0.40 
Kwt 3 0.54 md Oar etat ed een Bi Nea: 201842 
K/H 5 OnoU0e = -0.16 1555 0752 
HI 3 -0.09 =, 64% Sass ih ekess 
FL 3 On ole -0.29 Oeow 0) 5,5.7 
Ht 3 = 15. Loe -0.86** swe 12954 
EXL 3 0.40 =) 54% * 15517 -0.13 
HL © On 33 -0.40 0.65 Osos 
T 9 O20 0.037" -0.48 0.49 
H 9 -0.09 OR. 27 * -0.75 OF9S> 
Wt 9 OLA2 0.29 =0,13 0103 
ve 9 -0.15 O22 -0.46 Oe 12 
KP 9 -0.03 0.47* =0251 OSL 
Kwt o -0.16 =11y56** -0.02 540s 
K/H 9 -0.34 -0.09 POO an 0.04 
HI 9 -1.46** =0489** mag 2704** 
EL 9 0555 0351 -Oa235 -0.16 
Ht 9 SOS 2 0.07 124 -0.08 
EXL 9 -0.53 -0.37 Oe -0.12 
HL 9 -0.28 -0.41 Os 0.58 

1. Character abbreviations defined in Table 1, HL = Head Length. 

2. Values of skewness and kurtosis are averages of four genotypes 
andecinee ceplicates, 

eWeeEemcA LL Cant 0) <2. U5 55 9 * Significant, a= 0,015 
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Appendix. 10. Descriptive statistics of characters of plants, grown 
in monoculture and in mixture, in machine seeded plots, 


measured at the flowering stage, in 1978. 
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Appendix 11. Descriptive statistics of characters of plants, grown in 
monoculture and in mixture, in machine seeded plots, 


measured at the middough stage, in 1978. 
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Appendix 12. Variation in thousand kernel weights (g) among the 


seed classes used in 1979. 


Seed class 


——- 


Genotype 1 
Small Large Unsorted 
Pitic 62 29.8 40.8 ie 
Glenlea 5260 45.6 44.5 
Park 255 36.0 54,9 
70M009002 2520 46.2 45.9 
Norquay 20.80 38.0 51 





1 Only sorted small and large seeds were used in the 
seed size-experiment. 


20 No data available; 
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Appendix 13. 


Descriptive statistics of characters of plants from 
large, small and mixed size seeds, measured at the 3-5 
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Appendix 14. Descriptive statistics of characters of plants from large, 
small and mixed size seeds, measured at the jointing 


Stages 1ne1979. 
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Appendix 15.9 “Deseriptive stati characters of plants from large, 
small and mixed si seeds, measured at the heading stage, 
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BY TR TREATMENT 

VARIABLE CODE VALUE LABEL SUM MEAN sto DEV VARIANCE 

FOR ENTIRE POPULATION 13481,1000 29.4991 12.6408 159.7905 

cuL ° 2359 .5000 25.6467 asa Mere 86.0579 ( 
TR 1 LARGE SEED 884.5000 24.5694 7.8687 67-9155 { 
TR 2% SMALL SEED 800.5000 25.01S6 §.2984 86.4594 i 
TR 3 MIXED SEED 674.5000 28,1042 11.0023 121.0648 ( 

CUuL ee Pail cu bigs 1707.6000 16,1094 2.5036 SEAS 7 ay | ( 
TR 1 LARGE SEED 534.5000 AiG S70 3.0896 $. 54:59 ( 
TR 2 SMALL SEED 50s .S5000 VG 4 sis.>: 3.9786 15.8290 ( 
TR 3 MIXED SEED 663.6000 15.8000 3.4956 12.2190 ( 

CUL Pe GLENLEA 3131.0000 31.0000 Sy ASE athe OO u 
TR 10% LARGE SEED 1171,0000 31.6486 2.6401 6.393703 ( 
TR aa SMALL SEED 1004 .0000 33.4667 5.9494 35.3954 ( 
TR air MIXED SEED 956.0000 PaCS Wht ais 6.4456 41.5463 ( 

CUL 3. PARK 4663.0000 47.6429 6.8834 47.3814 ( 
TR 1 LARGE SEED 1888.S5000 49.6974 5.8489 34.2100 ( 
TR 2 SMALL SEED 1363.5000 45.4500 ths TIS 60.6095 ( 
TR ie MIXED SEED 1417. 90000 47.2333 6.5990 43.5471 ( 

CUL a TOMOOS002 1614.0000 2€.9000 6.8345 46.7102 ( 
TR es LARGE SEED 789.5000 30.7500 5.3484 28.6050 ( 
TR 2 SMALL SEED 314.0000 20.9333 €.0647 36.7810 ( 
TR 3. MIXED SEED 500.5000 26.3421 $.7760 33.3626 ( 


TOTAL CASES = 
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APPENDIX 15 


03/16/82 PAGE 2 
FILE SDL3 (CREATION DATE = 12/30/81) 
De eee See ae OP ESSTCoRe Pe Oe N Cit SUBPOPU SHR OR 6 SDS OG BAS 
CRITERION VARIABLE TA TILLERS PER PLANT eS ee 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VAR 
ARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
FOR ENTIRE POPULATION 2367.0000 5.1794 2.1002 4.4107 (8 517s) 
Stl ad Of 489.0000 5.3152 1.8453 3.4050 ( 92) 
Be Als LARGE SEED 205.0000 5.6944 {2 8177 3.3040 ( 36) 
ee 20 SMALL SEED 168.0000 5.2813 1.7641 32 4111/8 ( 22) 
3. MIXED SEED 115.0000 4.7817 1.9332 B.7a73 ( 24) 
CUL 1 PITIC 62 610.0000 5.7547 2.6070 6.7864 ( 106) 
TR Ti LARGE SEED 201,0000 6.0909 2.9194 8.5227 ( 33) 
TR a SMALL SEED 154.0000 4.9677 2.5098 6.23889 ( 343 
TR ai MIXED SEED 255.0000 6.0714 2.3415 5.4826 ( 62) 
cuUL 2. GLENLEA 388.0000 2.9406 1.2476 1.5564 ( 101) 
TR fi LARGE SEED 135.0000 3.6486 0.7894 0.6231 ( 37) 
TR 2 SMALL SEED 136.0000 4.5333 1.1366 1.2920 ( 30) 
TR 3. MIXED SEED 127.0000 2.7383 1.5630 2.4430 ( 34) 
cuUL Si PARK 524.0000 5.3469 1.7940 3.2186 ( 98) 
TR Ve LARGE SEED 213.0000 5.6053 1.4245 2.0282 ( 368) 
TR 2 SMALL SEED 164.0000 5.4667 2.1613 4.6713 ( 30) 
TR a7 MIXED SEED 147.0000 4.3000 1.7878 3.186€ ( 30) 
CUL 4. 7TOMOOS9002 346.0000 5.7667 Qmizinean 5.1650 ( 60) 
TR We LARGE SEED 158.0000 6.0769 2.3482 5.5138 ( 26) 
TR ie SMALL SEED 81.0000 5.4000 2.6673 7,448 ( 15) 
TR air MIXED SEED 107.0000 5.6316 1.8622 3.4678 ( 18) 
TOTAL CASES = 457 
APPENDIX 15 03/16/82 PAGE 4 
FILE SDL3 (CREATION DATE = 12/30/81) 
Sewet m as re a) 2 hy BS Gy So ae se holy DL F Su 8 PO PU LOA FoF io) MS ea Cain RCH RRC Tomita ey 8 9 
CRITERION VARIABLE Dwi DRY WEIGHT PER PLANT G 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VORIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
FOR ENTIRE POPULATION 1861,.8498 4.0741 1.5758 Pura sisat ( £57) 
CUL ©. 270 6800 4.0291 1.5689 2 4616 ( 325 
TR ile LARGE SEED 152.4700 4.2353 oe Aa 2.4808 ( 36 
TR 2 SMALL SEED 118.9300 25 7166 1, 2028 1 2466 ( 32) 
TR 3 MIXED SEED 98.2800 4 1367 1.9495 2.79396 ( 24 
cUL 1 PinTLe G2 429.9600 4.0562 1.6794 2.8205 ( 10E 
TR 1 LARGE SEED 137.5900 42.1694 1.67928 2.8216 ( 33) 
TR 2 SMALL SEED 125.8500 4.0597 1.7704 3. 13413 ( a1) 
TR 3 MIXED SEED 166.5200 3.9648 1.6458 2.7086 ‘ a2) 
CUL ae GLENLEA 407.7400 4.0370 1.4447 ZO d ‘ TOT} 
TR 1 LARGE SEED 142.2700 3.8451 1.0571 {2 at Ts ( ete) 
TR 2 SMALL SEED 142.1300 Gea sind 1.5214 2.3148 ( 30) 
TR 3 MIXED SEED 123.3400 3.6276 1.5528 2.8194 ( 34) 
cUL 3 PARK 393.3400 bOUsT 1.4129 1.9863 ( 98) 
TR i LARGE SEED 170.9700 4.4992 Aion ied Gia: ( 38) 
TR 2 SMALL SEED 111.7000 sur 2aa 1.4728 2.1695 ( 30) 
TR 3 MIXED SEED 110.6700 2.6890 1.3242 1.7536 ( 30) 
CUL 4 7OM003002 260.1300 4.3355 1.8640 2.6744 ( 60) 
TR 1 LARGE SEED 131.0300 5.0396 1 8594 3.4573 ( 26) 
TR 2 SMALL SEED 53,8400 3.5893 1.8567 3.4475 ( 15) 
TR 30 MIXED SEED 75.2600 3.9611 1.6053 Zia wil ( 19) 


TOTAL CASES = as7 
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Appendix 16. Descriptive statistics of characters of plants from large, 


small and mixed size seeds, measured at maturity, in 1979. 





APPENDIX 16 


FILE SDL4 (CREATION DATE 
SUBFILE P401 P402 

P4ai4 P415 

P5114 P512 

P6509 P610 
cake Sraneese seas ar DES 
CRITERION VARIABLE 1 

BROKEN COWN BY CUL 
BY TR 

VARIABLE CODE 


FOR ENTIRE POPULATION 


CUL 1 
TR 1 

TR ?) 

TR 3 
CUL 2 

TR ie 

TR 2 

TR 3 
CUL Ss 
TR 1 

TR ca 

TR Sr 
CUL 4 
TR i 

TR ee 

TR 3 
TOTAL CASES = 44a 


s 


= 12/30/81) 

P403 P4o4a 

PSO} PSO2 

PSs P5115 

P611 P612 
i Nae hg 38. {eff OM, 

TIEKERS PER PLANT 

CULTIVAR 

TREATMENT 
VALUE LABEL 

2210 

awa plten fies Dial te 
SMALL SEED Pals \ 
LARGE SEEC 236 
MIXED SEED 259). 
GLENLEA 405 
SMALL SEED AS 
LARGE SEED ICY 
MIXED SEED 125 
PARK 650 
SMALL SEED 269 
LARGE SEED eS 
MIXED SEED 246 
TOMOOS002 398. 
SMALL SEED (726) 
LARGE SEED 7S 
MIXED SEED 190 


P405 
P503 
P6001 
P613 


LB? Ps Oise Pee is ie 


WoW 


awn 


upPpun. 


03/16/82 

P408 P4os 
Pso4a PSO6 
P6O3 P6&O4 
P615 

AuaT: ON S ae 
MEAN Sp) (DEV. 
ST TS 2.0882 
4460 2 a1O}8 Si 
1591 2.0903 
4884 2.4041 
8077 {i Gia 
7850 1.4144 
7059 1.404) 
8500 1.45397 
78793 1.4088 
SS56 Ze lie 
8476 2.2500 
0000 (7584 
5909 2.0722 
9136 72 iD eZ 
1600 2.1541 
3889 eee chye 
0000 2.3365 
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APPENDIX 16 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P402 P403 P404 
P4i14 P415 PSO1 P502 
P511 P512 P514 PS15 
P6OS P5610 P611 P612 
Oe er One DES DaP at 1 0aN OF 
CRITERION VARIABLE H1 HEADS PER PLANT 
BROKEN DOWN BY cUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL 
FOR ENTIRE POPULATION 1984 
CUL ie PITIC 62 724 
TR ite SMALL SEED 257 
TR 20 LARGE SEED 230 
TR 3i MIXED SEED 237 
CUL B GLENLEA 385 
TR Ne SMALL SEED 118 
TR 2 LARGE SEED 150. 
TR 3 MIXED SEED 4171 
CUL 3h PARK 541 
TR Ai. SMALL SEED 228 
TR an LARGE SEED 115 
TR sin MIXED SEED 198 
CUL qe 70M009002 334 
TR fe SMALL SEED 106 
TR 26 LARGE SEED 71 
TR 3). MIXED SEED 157 
TOTAL CASES = 444 
MISSING CASES = 1 OR 0.2 PCT. 
APPENDIX 16 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P402 P403 P404 
P414 P4is P501 P502 
P5141 P512 P514 P515 
P6O9 P610 Pelt P612 
Rouen es CS) ee eke DENS i Pe Tak 0. IN OF 
CRITERION VARIABLE wri DRY WEIGHT PER PLANT G 
BROKEN DOWN BY cCUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL 


FOR ENTIRE POPULATION 


CUL 
TR 
TR 
TR 


HO es 


CuUL 
TR 
TR 
TR 


wWun-N 


CUL 
TR 
TR 
TR 


Wn-wW 
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TR 
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TR 


WN+ 2b 


444 
2 OR 


TOTAL CASES 
MISSING CASES 


TLS 
PITEHG 62 2900. 
SMALL SEED NOs oe 
LARGE SEED &70. 
MIXED SEED SIs 
GLENLEA 1891 
SMALL SEED Swi4a, 
LARGE SEED 738. 
MIXED SEED S77. 
PARK 1552. 
SMALL SEED 620. 
LARGE SEED 327. 
MIXED SEED 604. 
TOMOOSO002 2S 
SMALL SEED 364. 
LARGE SEED 252. 
MIXED SEED Sich 
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APPENDIX 16 03/16/82 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P40o1 P402 P403 P404 P4O5 P4GO8 P4og 
P414 P415 P501 P502 P503 P504 P506 
P5114 PS12 P514 P515 P6501 P603 P5604 
P6509 P610 P6114 P612 P6123 P615 
PED PP tee See DES Tae) ate On IN OmF SPULBaP. Or Uli Au ONS 
CRITERION VARIABLE YA SEED YIELD PER PLANT G 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD 
FOR ENTIRE POPULATION 3317.9398 7.5067 3F 
CUL ale PITIC 62 1304.3999 9.3842 3 
TR 1; SMALL SEED 469.3500 10.6670 3 
TR 2. LARGE SEED 399.7500 9.2965 4 
TR in MIXED SEED 435.3000 8.3712 3 
CUL a GLENLEA 828.4499 7.7425 3 
TR ais SMALL SEED 253.8500 7.4662 3 
TR 2. LARGE SEED 322.6900 8.0672 3 
TR 35, MIXED SEED 251.9100 7.6336 3 
CUL 3 PARK 638.6600 5.4586 2 
TR ie SMALL SEED 251.7700 5.4733 2 
TR 2: LARGE SEED 138.4200 5.1267 2 
TR 3h MIXED SEED 248.4700 5.6470 1 
cuUL 4. 70M009002 546.4300 6.9168 3 
TR he SMALL SEED 163.3300 6.5332 2 
TR 2. LARGE SEED 114.4800 6.3600 1 
TR 3. MIXED SEED 268.6200 7.4617 3 
TOTAL CASES = aaq 
MISSING CASES = 2 OR 0.5 PCT. 
APPENDIX 16 03/16/82 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P4O2 P403 P4OG P4O5 PQO8 P4os 
P414 P415 P501 P502 P503 P504 P506 
PS11 P512 P514 P515 P601 P6038 P6O4 
P609 P610 P6114 P612 P613 P615 
SO see ee ee OS acs DES FPahace Onn oF Siu Bi pa OP SUM ANT ONS 
CRITERION VARIABLE F4 HEIGHT OF THE FLAG LEAF BLADE CM 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD 
FOR ENTIRE POPULATION 27735 .0000 62.4662 10. 
CUL lig PITIC 62 8794.0000 63.2662 7 
TR 1 SMALL SEED 2822.0000 64.1364 £ 
TR 2 LARGE SEED 2627.0000 61.0930 8 
TR 3 MIXED SEED 3345 .0000 64.3269 5 
CUL a. GLENLEA ; 7916 .0000 73.9813 6 
TR 4. SMALL SEED 2501.0000 73.5588 5 
TR 2° LARGE SEED 3020.0000 75.5000 7 
TR 3 MIXED SEED 2395 .0000 72.5758 7 
CUL 3. PARK 6832.0000 58.3932 6 
TR Ve SMALL SEED 2719.0000 59.1087 6 
TR 28 LARGE SEED 1556 .0000 57.6296 6 
TR Se MIXED SEED 2557.0000 58.1136 6 
CUL 4. 70M0039002 4193.0000 51.7654 5 
TR ane SMALL SEED 1273 .0000 50.9200 4 
TR 2, LARGE SEED 902.0000 50.1111 4 
TR a MIXED SEED 2018, 0000 53.1053 6 
TOTAL CASES = 444 
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APPENDIX 16 


03/16/82 PAGE t 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P402 P403 P4046 P4os P408 P4aos P410 P4ii P412 
P4414 Pais P5o1 PSO2 P503 P504 PSOE P507 P5O& P510 
P5111 P512 P514 PS15 P6011 P603 PEO4G PEOS P6EOT PEOS 
P6OS P610 P611 P6112 P613 PE15 
Se Set ek Wg Se SL EGS SC Ree TT CN tt SUSE POOP UPL A vet. ONES SRA Ete ae’ het te ie et ie ee a ee a 
CRITERION VARIABLE HT1 PLANT MEIGHT CM 
BROKEN DOWN By CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV VARIANCE N 
FOR ENTIRE POPULATION 43286 .0000 $7.4810 a ie Aa Pa 163.2708 ( 464) 
CUL ee PTT ei 13083.0000 $4.1942 7.9526 63.2446 ( 139) 
TR pos SMALL SEED 4157.0000 84.4773 &.6736 75.2320 ( 44) 
TR 2 LARGE SEED 3975.0000 82.4419 8.6059 74.0620 ( 43) 
TR Be MIXED SEED 2961.0000 95.4038 6.5237 42,5582 ( 52) 
CUL 2: GLENLEA 11285 .0000 111.8318 8.7561 76.6695 ( 107) 
TR +2 SMALL SEED 3806 .0000 111.9412 5.66198 32.0570 ( 34) 
TR 20 LERGE SEED 4504 00090 112.6000 11.1328 123.8365 ( 40) 
TR Fe MIKED SEED 3656 0000 110.7879 8.24683 67.9848 ( 33) 
CUL as PARK 11680.0000 s9.8291 7.1091 §0.5395 ( 174 
TR ie SMALL SEED 4576 .0000 99.2783 7.1701 51.4106 ( 46) 
TR 2s LARGE SEED 2702.0000 100.0741 7. I8%2 51.2281 ( 270 
TR Rhis MIXED SEED 4402.0000 100.0455 7.1657 51.3467 ( a4) 
CUL 4. 7OMOOS002 6547.0000 80.8272 6.0864 327.0448 ( 81) 
TR ies SMALL SEED 2008 .0000 80.3200 4.6968 22.0600 ( 25) 
TR 25 LARGE SEED 1416 .0000 78.6667 4.4853 20.1176 ( 18) 
TR Be MIXED SEED 3123.0000 82.1842 7.2285 52.2086 ( 38) 
TOTAL CASES = 444 
APPENDIX 16 03/16/82 PAGE 8 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P4202 P4033 Pa0g Paos PQOE Paos P410 Pai) P4112 
P414 Pais P501 PSO2 P503 P5064 PSOE P507 P5058 P510 
P511 P512 P514 P515 P6O1 P6O3 P604G P6OS P6O7 P6OS 
P5OS P6510 P6111 P612 P613 P6115 
eet eee en os anys DRESS .Co Relea P pe leOn.N OF S$. UL 8) P26 Pb uate ase aac Nes Ciege et red ee 8 Ea iret eS ee eae 
CRITERION VARIABLE SP1 SPIKELETS PER HEAD 
BROKEN DOWN BY cUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STB DEV VARIANCE N 
FOR ENTIRE POPULATION 3767 0000 &.4842 1.3728 1.8846 ( 444) 
CUL 1 PITIC 62 1207. 0000 6.6835 Vez a2 iei2sia, ( 138) 
TR he SMALL SEED 382.0000 SSS ©.s580 0.91397 ( ac 
TR De. LARGE SEED 365.0000 8.4884 1.5015 2.2556 ( 432) 
TR & MIXED SEED 460.0000 &.8462 1.3044 1.7014 ( 52) 
CUL 2 GLENLEA 820 0000 @.5981 1.4528 2.1206 ( 107) 
TR 1 SMALL SEED 287.0000 8.7353 1.6201 2.6248 ( 34) 
TR z LARGE SEED 346.0000 6.6500 1.1447 1.3103 ( 40) 
TR 3 MIXED SEED 277.0000 &.3939 1.6190 2.6212 ( 32) 
CUL 3 PARK 842.0000 8.0513 it Kelea 1.8801 ( sh Bra 
TR LF SMALL SEED 363.0000 7.8813 1.4020 1.8657 ( 46) 
TR 2 LARGE SEED 218.0000 &@.0741 Ta BATS 3.3020 ( 27) 
TR 3). MIXED SEED 361.0000 §.2045 1). tits M2363 ( 44) 
CUL 4. 70MO009002 698.0000 8.6173 1.2606 1.5892 ( a) 
TR 1 SMALL SEED 211.0000 8.4400 1.5297 2.3400 ( 25) 
TR 2 LARGE SEED 161.0000 8.9444 {tS 1.4673 ( 18) 
TR 3 MIXED SEED 326 0000 &.5788 1.08173 1.1693 ( He 3 


TOTAL CASES = 444g 
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APPENDIX 16 03/16/82 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P4O2 P403 P4004 P4O5 PGO8 P4038 
P414 P415 P501 P502 P503 P504 P506 
P5114 PS12 P514 P515 P601 P5603 P6504 
P6039 P610 P611 P612 P613 P5115 
© 5 Sid pao On lca DES TP) tt 100 N fe) p SUBPOPULAT ONS 
CRITERION VARIABLE HL1 HEADLENGTH CM 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STO 
FOR ENTIRE POPULATION 5138.0000 11.5729 2 
CUL fe PITIC 62 1947.0000 14.0072 2 
TR As SMALL SEED 610.0000 13.8636 1 
TR 25 LARGE SEED 605.0000 14,0698 2 
TR 20 MIXED SEED 732.0000 14.0769 1 
CUL ai GLENLEA 1275.0000 11.9159 2 
TR 1. SMALL SEED 423.0000 12.4412 A 
TR 20 LARGE SEED 475.0000 11.8750 2 
TR 3. MIXED SEED 377.0000 11.4242 2 
CUL 3. PARK 1108.0000 8.4701 1 
TR fis SMALL SEED 419.0000 9.1087 1 
TR 2) LARGE SEED 264.0000 9.7778 1 
TR 3. MIXED SEED 425.0000 9.6591 1 
cuL 4. 70M00S8002 808.0000 9.9753 1 
TR The SMALL SEED 243.0000 8.7200 1 
TR 2 LARGE SEED 179.0000 9.9444 1 
TR 3: MIXED SEED 386.0000 10.1578 1 
TOTAL CASES = 444 
APPENDIX 16 03/16/82 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P402 P403 P404 P405 P408 P403 
P4114 P415 P501 P502 P503 P504 P506 
P5114 P512 P514 P515 P601 P603 P60Q 
P609 P610 P6114 P612 P613 P615 
se eS es SS DES nap af wo oT oF S UE Gis ww 1 WN a ONS 
CRITERION VARIABLE K1 NUMBER OF KERNELS PER PLANT 
BROKEN DOWN BY cUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD 
FOR ENTIRE POPULATION 80060 .0000 181.5420 BY 
CUL We PITIC 62 32885 .0000 236.5827 101 
TR 1 SMALL SEED 12100,0000 275.0000 94 
TR eZ LARGE SEED 10098 .0000 234.8372 414 
TR G. MIXED SEED 10687.0000 205.5192 83 
CUL whe GLENLEA 16012.0000 151.0566 60 
TR ihe SMALL SEED 4578.0000 146.4118 58 
TR 2 LARGE SEED 6270.0000 156.7500 65 
TR 3. MIXED SEED 4764.0000 148.8750 57 
CUL a PARK 17672.0000 151.0427 63. 
TR tite SMALL SEED 7083.0000 153.9783 75 
TR on LARGE SEED 3815.0000 141.2963 64 
TR 3, MIXED SEED 6774.0000 153.9545 46 
CUL 4. 70M009002 13491.0000 UO TI 22 75 
TR 1 SMALL SEED 4092.0000 163,6800 71 
TR an LARGE SEED 2817.0000 156.5000 4s 
TR he MIXED SEED 6582.0000 182.8333 87 
TOTAL CASES = 444 
MISSING CASES = 3 OR On? PLT. 


DEV 


6173 


.0126 
-9952 
- 1646 
9286 


-3915 
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APPENDIX 16 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P40o1 P402 P403 P404 
P414 Pais PSO1 P502 
P511 P512 P514 P515 
P6OS P610 P611 P612 
Seas GG oie DEeENS iD 4 tO oF 
CRITERION VARIABLE KWT1 WEIGHT PER 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL 
FOR ENTIRE POPULATION 18048 
CUL 1: Dips Ge 5454 
TR ij > SMALL SEED 1728 
TR 24 LARGE SEED 1626 
TR 3 MIXED SEED 2099 
CUL  . GLENLEA 5287 
TR ih SMALL SEED 1682 
TR 2: LARGE SEED 2018 
TR 3% MIXED SEED 1585 
CUL 2E PARK 4131 
TR dir SMALL SEED 1622 
TR 25 LARGE SEED 836 
TR 3. MIXED SEED 1572 
CUL eS. 7OM009002 3175 
TR 12 SMALL SEED 1016 
TR Ze LARGE SEED 736 
TR 35 MIXED SEED 1422 
TOTAL CASES = 44g 
MISSING CASES = 12 OR 7 PEE 
APPENDIX 16 
FILE SDLG (CREATION DATE = 12/30/81) 
SUBFILE P40) P402 P403 P404 
Paig P415 P5014 P502 
PS11 P512 PS14 PS515 
P6O9 P6510 P611 P612 
SENS ease Shier ae DES TePieTeae On IN oF 
CRITERION VARIABLE HI1 HARVEST INDEX 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL 
FOR ENTIRE POPULATION 87. 
CUL te PITLG G2 61 
TR De SMALL SEED 18 
TR 25 LARGE SEED 8 
TR 3. MIXED SEED 2 
CUL 2u GLENLEA 45 
TR (he SMALL SEED 14. 
TR 2 LARGE SEED 16. 
TR 35 MIXED SEED 13 
CUL he PARK 4s. 
TR ihe SMALL SEED 18. 
TR 2 LARGE SEED s 
TR 3 MIXED SEED Ne 
cCUL 4. 70M009002 5 
TR ithe SMALL SEED 11 
TR Dn LARGE SEED 8 
TR ae MIXED SEED 16 
TOTAL CASES = 444 
MISSING CASES = 13 OR 2.9 PCT 
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APPENDIX 16 03/16/82 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P402 P403 P404 P405 P4OB P408 
P414 P415 P501 P502 P503 P504 P506 
P511 P512 P514 P515 P601 P603 P5604 
P6093 P610 P611 P5612 P613 P615 
Soe mics PoP a= ais DeEss TP aC ON OF SPUPSeP) oO PRUNE ANT ONS -- 
CRITERION VARIABLE KH1 NUMBER OF KERNELS PER HEAD 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
FOR ENTIRE POPULATION 17354.5552 40.2658 8.0875 
CUL Ne PITIC 62 6214.6801 45.6962 8.6346 
TR i SMALL SEED 2090.5913 47.5134 6.4038 
TR 2. LARGE SEED 1795.3556 43.7882 10.5603 
TR ae MIXED SEED 2328.7332 45.6614 8.4220 
CUL Ge. GLENLEA 4288.7076 41.6372 7.1147 
TR iP SMALL SEED 1397.9666 42.3626 7.9808 
TR 2 LARGE SEED 1608.0388 41.2318 6.5996 
TR an MIXED SEED 1282.7023 41.3775 6.9378 
cUL se PARK 3782.0531 32.8874 6.7059 
TR We SMALL SEED 1424.43953 30.9673 6.6158 
TR ne LARGE SEED 878.8301 33,8012 8.4828 
TR 3) MIXED SEED 1478.7272 34.3890 5.0467 
CUL ae 70M0039002 3069.1144 39.8586 7.9108 
TR Ae SMALL SEED 961.6916 38.4677 7.8108 
TR 2. LARGE SEED 727.4308 40.4128 8.3496 
TR 3. MIXED SEED 1379.9913 40.5880 7.8525 
TOTAL CASES = 444 
MISSING CASES = 13 OR oy TAS 
APPENDIX 16 03/16/82 
FILE SDL4 (CREATION DATE = 12/30/81) 
SUBFILE P401 P402 P403 P4o4 P4O5 P4O08 P4039 
P414 P415 P501 P502 P503 P504 P5O6 
P511 P512 P514 P515 P601 P6O3 P6504 
P6038 P610 P611 P612 P613 P615 
BOO 4S ae Pees ae DIES i PD Pa of Oo F SURES PeOMP aU Aut ONS - 
CRITERION VARIABLE EL1 EXTRUSION LENGTH CM 
BROKEN DOWN BY CUL CULTIVAR 
BY TR TREATMENT 
VARIABLE CODE VALUE LABEL SUM MEAN STD DEV 
FOR ENTIRE POPULATION 10413.0000 23.4527 7.3285 
CUL 1: PITIE 62 2352.0000 16.9208 4.4544 
TR 1 SMALL SEED 725.0000 Ne AGS 6.2226 
TR 2. LARGE SEED 743.0000 17.2731 3.9661 
TR a, MIXED SEED 884.0000 17.0000 2.7935 
CUL 2s GLENLEA 2775.0000 25.9346 4.5831 
TR if. SMALL SEED 882.0000 25.9412 4.29390 
TR 2. LARGE SEED 1009 .0000 25.2250 4.9948 
TR ae MIXED SEED 884.0000 26.7879 4.3284 
CUL eh, PARK 3740.0000 31.9658 3.3808 
TR ie SMALL SEED 1438.0000 31.2609 3.2279 
TR 2 LARGE SEED 882.0000 32.6667 4.2607 
TR z). MIXED SEED 1420.0000 32.2727 2.8314 
CUL 4. 7O0M003002 1546 .0000 19.0864 3.3324 
TR Ly SMALL SEED 492.0000 18.6800 2.5285 
TR 2. LARGE SEED 335.0000 18.6111 2.5170 
TR aly MIXED SEED 719.0000 18.9211 3.7154 
TOTAL CASES = 444 
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Appendix 17. Distribution parameters of characters of single plants, measured at different stages of 


growth, derived from large seeds, small seeds and alternated large and small seeds. 


All plants were grown in three row plots in 1979. Plants with missing neighbours are 





excluded. 
re eR ee en ee eee we A eee ee eee 
Skewness?* Kurtosie- 
Character ee 8 ee ee i 
Large seed Small seed Mixed seed Large seed Small seed Mixed seed 
3-5 Leaf Stage: 
Ht, -0.78* -0.85* -0.38 1,59* 0.92 0.85 
L -0.80* -0.34 -0.59 Aoi 1hoZze Zone 
qe -0.59 0.03 -0.59 0.91 -0,01 0.81 
Wt 0.29 0.07 0.06 1.24 0.39 0.53 
Jointing Stage: 
Ht, 0.11 0.45 O12 1.04 -0,21 -0.35 
N -0.00 -0.19 -0.21 0.98 0.58 -0.61 
i 0.07 -0.44 -0.10 0.36 0531 0.02 
Wt 0.42 0.18 0.30 142% -0.29 0.08 
Heading Stage: 
Ht, -0.23 -0.39 -0.39 Oa 1.29 aS 
T -0.57 -0.54 -0.10 0.55 ‘ 0.32 -0.03 
RES 0.159 OezZ 0.15 0.05 -0,59 C.55 
Maturity: 
Ht, -0.37 Ml Par Dae! -0.49 0.76 2452 = 0.53 
4y 0.60 0.14 0.39 0.75 0.61 -0.10 
Wt 0.33 0.01 0.41 1.02 0.85 0.38 
H 0.27 0.18 0.34 0.57 0.64 0.24 
FL 0.13 -0.47 -0.12 ToL 0.49 0.24 
ExL 0.16 -0.27 -0.06 0.39 5.05% 0.36 
HL 0.06 -1.06* -0.59 Va | Dig D lina 0.94 
Sp/H -0.56 -0.59 -0.50 0.85 0,64 0.10 
Y/P 0.34 -0.09 0.35 ao ONS 0.77 Ons: 
K/P 0.41 -0.06 0.35 J Ocn 0.78 OnzZ2 
HI -0.80* rie See -0.15 opm Deco Zescee 
Kwt -0.50 -0.14 -0.51 Onowie -0.25 0.92 
K/H -0.33 Qian -0.23 1,64 ** 0.76 1,03 


1. Values of skewness and kurtosis are averages of the values of three replicates and four genotypes. 


Zee Significant, Cys 0.05; ** significant, a < 0.01. 
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Appendix 18a. Plot yield and Specific Mixture peetence of mixtures 


grown in 1977, 


re ee ee eee 


Plotter yeild? (2) Specific Mixture Efficiency 


Mixture —_ 
Mean Sida Veve Mean Std. Dev. 

For Entire Population 1345 138 L005 ORL0 
Glenlea 1249 154 

Glenleaiet Park 1278 64 110 OL09 
Glenlea + Neepawa 1361 179 112 0.06 
Glenlea + 70M110001 2 80 0.98 On05 
Glenlea + 70MO009002 1346 2a, 0.98 GEOF, 
Glenlea + Norquay P552 150 IE02 tals 
Clenteamt #NBa70i T555 110 109 0.05 
Park 1096 105 

Park + Neepawa L227 130 1.08 0.06 
Park + 70M110001 1275 OF L.05 0.16 
Park + 70M009002 1401 56 POM 0.01 
Park + Norquay 1364 8 1.04 0.03 
Park + NB 701 1347 145 Talo OLS 
Neepawa 1170 86 

Neepawa + 70M110001 1302 153 OES 0,14 
Neepawa + 70M009002 1344 65 0) O01 
Neepawa + Norquay 1239 103 0.96 0.04 
Neepawa + NB 701 1302 126 108 0.03 
70M110001 1356 25.5 

70M110001 + 7OMO09002 1498 125 1505 0.06 
70M110001 + Norquay 1482 Me 1.07 0503 
70M110001 + NB 701 1303 70 UeOS Oeo 
70M009002 1514 64 

70M009002 + Norquay 1451 114 0.99 0.06 
70M009002 + NB 701 1508 88 deelo OF.05 
Norquay 1418 108 

Norquay + NB 701 1421 36 1017, O07 
NB 701 1240 203 


i 


1. See Section 8.2. 
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Appendix 18b. Plot yield and Specific Mixture Efficiency of mixtures 
grown in 1978. 


rt eee ee PGR RAE ON eee GFT sae, 


Mitre Plot yield (g) Specific Mixture Efficiency 
Mean stds Dev, Mean std. Dev. 

eS NOE er eee CI ee at Le eens ee 
FOPsEntsre Population) |») 1012 138 102 O20 7, 
Prtverg2 966 251 

Pitic 62 + Glenlea ilies 116 shoe Ba 0.07 
Pitic 62 4+ Park 1014 47 1.08 Ort: 
Pitic 62 + Neepawa i 61 130¢ Ors 
Pitic 62 + 70M110001 11.05 92 1509 0.08 
Pitic 62 + 70M009002 1006 47 Let 0.05 
Pitic 62 + Norquay OZ 79 0292 O25 
Pitic  62°+ NB 701 995 229 1.04 0203 
Glenlea 1043 138 

Gienieart Park 1085 62 i 10 0,09 
Glenlea + Neepawa 1087 105 1.02 0.20 
Glenlea + 70M110001 1197 24 ints OF 02 
Glenlea + 70M009002 1067 48 Lets 010 
Glenlea + Norquay 1063 Si OZ 0.02 
Glenlea + NB 701 shal 160 0°92 O10 
Park 935 Sy, 

Park + Neepawa 1025 v7 1.00 0.06 
Park + 70M110001 oil 40 O91 0.00 
Park + 70M009002 815 84 Oe ot 0.09 
Park + Norquay 992 118 1.00 0207 
Packet Nba) 1 880 186 Fa 3 Oe10 
Neepawa Lit 2 

Neepawa + 70M110001 1007 125 O22 Oak e) 
Neepawa + 70M009002 1000 92 102 Ores 
Neepawa + Norquay 1141 103 1.06 0.12 
Neepawa + NB 701 1127 105 10 Orla 
70M110001 1078 UAL) 

70M110001 + 7OMO09002 873 124 OP9'Z 0.11 
70M110001 + Norquay 1054 66 O99 0.04 
70M110001 + NB 701 1050 168 105 0.08 
70M009002 859 159 

70M009002 + Norquay 873 2 OE 0.05 
70M009002 + NB 701 894 75 Orso ake 
Norquay 104' 38 


Norquay + NB 701 11¢ on Lele 0,08 


NB 701 g ‘79 
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Appendix 18c. Plot yield and Specific Mixture EBtficiencyss of mixtures 


grown in 1979. 


Dlotwy 1elde(c) Specific Mixture Efficiency 

Mixture —— rote ga RE i eR GE 
Mean Std asDev; Mean Std Dev; 

ee eee ee Pe Sy eee eee. | ee eee ee Oe 
For Entire Population 1248 140 103 
PLerceo2 1342 80 
Pitic 62 + Glenlea 1436 36 pL alae) 0.10 
Pitic 62+ Park 1513 de ne aty 0.06 
Pitic 62 + Neepawa 1339 59 13310 G205 
Pitic 62 + 70M110001 1379 29 1,05 0.09 
Pitic 62 + 70M009002 1510 80 1.14 0.02 
Pi Creo 2+ eNO rgNay, 1437 1) 1319 OF13 
Pitice62 6+ NBO: 1401 123 105 OwiZ 
Glenlea ih 166 
Ghenleagt+ Park 1238 99 1.06 0.03 
Glenlea + Neepawa 1199 75 1.00 O73 
Glenlea + 70M110001 1145 81 Oo Ore 
Glenlea + 70M009002 1313 112 e071 0.14 
Glenlea + Norquay a2 74 90 1.08 O20 
Glenleam ta NGO, 1272 63 ORO 7 0.08 
Park 1033 104 
Park + Neepawa 1002 38 0.94 0.04 
Park + 70M110001 pla Beye: 34 1.00 0.04 
Park + 70M009002 Ayal 40 1,04 0.01 
Park + Norquay 1082 a3 1202 0203 
Park + NB 701 1324 134 Lp 2 0.08 
Neepawa 1102 125 
Neepawa + 70M110001 ize 44 0.94 0.05 
Neepawa + 70M009002 7.8 36 ORoS 0.04 
Neepawa + Norquay 1067 58 0.98 0.08 
Neepawa + NB 701 Hall 30 Ono 7, 0.02 
70M110001 1290 130 
70M110001 + 70MO09002 1285 67 1.00 0.08 
70M110001 + Norquay 1141 Ze O86 R07; 
70M110001 + NB 701 1i75 167 0.90 0.14 
70M009002 1299 43 
70M009002 + Norquay 1301 62 bed h 8) 0.09 
70M009002 + NB 701 1307 45 1.00 0.02 
Norquay 1082 ei 
Norquay + NB 701 1226 LAO 0.07 


NB 701 TS 20 
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Appendix 19. Performance of mixtures in each of the three years, 
containing specific genotypes, as expressed by the Array 
mean yield (Array Y), the Average Mixture Efficiency 


Lee2 a ie aa, 
(AME ) , and the General Combining Ability (GCA) *. 








Std. 
Year Genotype Array Y Dev. AME GCA 
LOR, BiGiceve —— -- as as 
Glenlea 13 jad 118 1.047% -28.0 
Park 1280 134 0S ee hes 
Neepawa 1278 134 Le 04 *4 -69 .4* 
70M110001 557) 52 102% HPS 
70M009002 1438 104 le 0 5% 100 59 * 
Norquay TS98 P21 10 5e SiO 
NB 701 1354 138 160 7% -0.0 
1978 Pa bceo2 1028 142 1g 0554 76 
Glenlea 1071 119 OS oe 54.3 
Park O57 12y 029 -52m2 
Neepawa 1076 106 P0238 O35.08 
70M110001 1035 138 1.00 24.5 
70M009002 924 128 1.00 -86.1* 
Norquay 1024 110 1.08 180 
NB 701 988 sey ie! P02 -26.6 
ao79 P1tic.62 1595 92 109 == 129.4% 
Glenlea 27 116 aon yA 
Park 1170 LS, 104 -81.8* 
Neepawa 1149 Lie 0299 =9155* 
70M110001 1205 ately, OPO Tae 1976 
70M009002 1301 142 15057 4988* 
Norquay 1201 145 1,04=% -51.8* 
NB 701 LIL) igs, 1.00 Sey 
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Appendix 20. 


Calculation of the effect of skewness on single plant 


selection. 


Assume a 50:50 mixture of two genotypes G1 and G2. 
The mean value for a character X of G1 is 0.3589 o@ less 
than the mean of this character for G2. (The value of 
0.3589 had to be chosen due to the restricted number of 
values listed in chi-square tables). Assume further that 
X has a chi-square distribution with 30 degrees of 
freedom, and thus a variance of 2x30, a skewness of 
Omom or, manOwanrkKULLOS1S2Of02 4002 mieten 06 54m O le tne 
population having the highest values for X were 
selected, the selected fractions would consist of 1/3 G1 
and 2/3 G2 (Figure 5). The probability of selecting G1 
rather than G2 is P(Error)=0.333. 

If the character, X, had had a standard normal 
auStrmi bution, lt. cans bes tound, sthrougheatrial and error, 
Ena: 

P(z>2.29)=0.011 
P(z>2.29+0.3589)=P(z>2.6489)=0.00401 

Total selected fraction=(0.011+0.00401)/2=0.0075 
The probability to select Gi rather than G2 is 
P(Error)=0.00401/0.01501=0.267. 

The probability to select G1 rather than G2 is thus 
0.333/0.267=1.25 times larger in the case where the 


distribution of X is skewed, than in the case where the 
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We of Oe 
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as 
a ee \ x 253672 
= 50.892 


ay = 0 
Gp a fe OTe 
Skewness = 0.010 


Keinvosis= © 400 
53.672 -508592 - 03589 


SS ERD 
aa leps Ta) Graphic illustration of selection in a 50:50 mixture of two 


genotypes, G, and G,, for a character x, which has a positively 
skewed distribution. The selected fraction would, in this 


CaSecmeconS 1 Sitm0 fel) 5 0G mance /.5 G,. 
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Gusri DULL OnTOt: Beis. normal, 

P(Error) will increase, however when the frequency 
of G2 in the population decreases. 

Assume a mixture of G1 and G2, with means for the 
character X which are 1.096 & apart, and in which the 
frequency of G2 is 1/10 the frequency of G1. The 
distribution of X is the same as in the previous 
example. If this time 0.11% of the population is 
selected, then the probability of selecting G1 rather 
than G2 is 

19(0,0005) 0,005 
Pl Srror) Boa SS OG 
0.005 + 10(0.9005) 0.04 

If X had had a standard normal distribution, then it can 
be found,—by-trial and error, that 

Pog p21 16096) = Pile sa Soar = 4, cece 

P(Error) = 10(0.0002)/(10 x 0.0002 + 0.008) = 6.2 
The probability to select Gi is thus 5/2=2.5 times 
larger in the case where X 1s skewed than in the case of 
a normal distribution of A. 

On the other hand, if the distribution of xX is 
negatively skewed, and has a curve which is the mirror 
immage of the curve used in the above examples, the 
probability to select the superior genotype, G2, is 


Greater than would be the case if X were normally 


distributed. 
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For a AieGe wie of Gil and G2, with the means 
0.151 Ss apart, it can be calculated, in the same manner 
as before, that the probability to select G2 is 1.19 
times greater than would be the case for a normal 
dvstribution, 1£790°575 5% of the population is selected: 
If the ratio of G1:G2 is 10:1, and the means are 0.3851 
S apart, the probability to select G2 rather than G1 is 
1.49 times greater than would be the case if X were 


normally distributed and 0.11% were selected. 
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